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CHAPTER!. GENERALINTRODUCTION 
Introduction 
The primary goal of this research is to estimate the importance of epistasis for 
agronomic traits in elite maize hybrids. Epistasis is a non-allelic, non-additive interaction 
that results in two loci working together to produce an effect that deviates from the sum of 
their individual effects (Falconer and Mackay, 1996, p. 119; Phillips, 1998). The literature 
tends to present some conflicting views on the presence or absence and amount of epistasis 
that may be present in maize (reviewed by Hallauer and Miranda, 1988). These studies have 
varied in the sources of germplasm used ( exotic or adapted; populations, lines, or hybrids), 
methods used to detect epistasis (triple test crosses, comparisons of hybrid means, generation 
means analysis per se, etc.), and whether epistatic variance, epistatic effect, or amount of 
epistasis is being analyzed. Many different combinations of this information have been 
reported pertaining to germplasm available at the time. Unfortunately, with the current 
pressure to decrease the amount of time it takes to develop a maize hybrid, most of the 
materials used in those studies are no longer used in production. Also, the methods currently 
used to produce hybrids have changed from those studied in many of the previous reports. 
The current study measures the epistatic effect in maize by comparing generation 
means of the inbred parents and subsequent progeny at varying levels of heterogeneity from 
one side of the hybrid cross. The proposed breeding methods are similar to those currently 
used in the hybrid maize industry. Under this scenario, two closely related lines are crossed 
to form a new experimental inbred line. Progeny resulting from selfing and backcrossing are 
then crossed to a tester to form progeny generations of an elite hybrid. The tester is a 
superior inbred line from a gene pool that combines well with the experimental line. When 
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comparing hybrids of several experimental lines crossed onto the same superior inbred line, 
the effects of the superior line should be comparable across all hybrids, and the results can be 
inferred as due to the experimental lines alone. Since the experimental inbreds are crosses 
made between closely related lines, we expect an essentially additive effect if no epistasis is 
present (Melchinger, 1987). An additive effect would be seen as a linear relationship as the 
percent of one parent increases with each generation (i.e. a selfing generation-F 1, F2, etc. 
has equal germplasm from both parents while a backcross generation formed by crossing the 
F 1 to either parent would have 25% of one parent and 7 5% of the other parent). Data whose 
variation is not explained by this linear trend may be explained by epistasis. Under the 
generation means model, epistasis would be indicated by a quadratic relationship. 
This project is a continuation of the study reported by Lamkey et al. ( 1995) where 
evaluation of the elite hybrid (B73 x B84) showed significant, positive epistatic effects for 
grain yield and grain moisture. The conclusions reported in the previous study were limited 
to the (B73 x B84)*Mol 7 reference population. Our current project increases the number of 
elite parents and testers studied to determine if the same epistatic effects are seen and 
whether or not epistasis can be generalized to be of "global importance in elite maize 
hybrids" (Lamkey et al., 1995). 
Our study attempts to implement on a large scale a model with the theoretical basis to 
evaluate a modem system of hybrid production to detect the presence of epistasis. The 
objectives of the proposed research are to i) estimate genetic parameters when Melchinger's 
( 1987) Model 1 (linkage but no epistasis) and Model 2 ( epistasis but no linkage) are applied 
to testcross generation means from a wide selection of elite maize hybrids, ii) determine 
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which model best explains the variation in the data collected, and iii) determine whether 
epistasis is present and influencing phenotypic variation. 
Thesis Organization 
This thesis includes a general introduction, a literature review, a journal manuscript to 
be submitted to Crop Science, and a section of general conclusions. The appendices include 
phenotypic trait means adjusted for lattice effects and results from regression analysis in both 
table and graph form. A reference list is included immediately following the main text of 
each chapter. 
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CHAPTER 2. LITERATURE REVIEW 
Quantitative traits are those that show a continuous variation in phenotype as opposed 
to qualitative traits that produce discrete phenotypes (Allard, 1999, p. 238). The Mendelian 
genetics underlying qualitative traits have been used as the basis for the study of quantitative 
traits. However, the genetics of quantitative traits are further complicated by the following 
factors-linkage groupings, dominance (allelic) interaction, and epistatic (non-allelic) 
interactions. When several genes are acting together, it is possible that the effect of a 
genotype at one locus may be influenced by the genotype at another locus. This non-allelic 
interaction is epistasis. Epistatic variation is an important consideration when predicting 
response to selection, performance of specific crosses, or genotypes based on phenotypes-
phenotype may be due to combined epistatic effects, not a predictable single gene trait 
(Kearsey, 1993). Epistasis is also increasingly believed to be the source ofheterosis effects 
as well as an important mechanism in plant evolution (Allard, 1999, p. 87; Fenster et al., 
1997). 
Properties of Epistasis 
Genes within an organism may interact either at an allelic or non-allelic level. Allelic 
and non-allelic genes act in similar ways but on differing levels. Interaction among genes 
(non-allelic) is termed epistasis while interaction within genes (allelic) is termed dominance. 
The genetic (physiological) measure of epistasis is viewed as any deviation ( other than 
linkage) from the standard Mendelian two-gene segregation ratio (9:3 :3: 1 ). Any of the 
possible variations of this ratio (e.g. 9:3:4, 9:7, 12:3:1, 15:1, etc.) (Hayman and Mather, 
1955) may result from epistatic effects. These ratios are a result of the combination of genes 
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required to produce a phenotype. This definition of epistasis is used by geneticists and was 
originally defined by Bateson in 1909 (Phillips, 1998). 
However, population and statistical geneticists use a broader definition of epistasis 
that includes all types of gene interactions. Under this definition, epistasis is the deviation 
that occurs when the combined additive effect of two or more genes does not explain the 
observed phenotype (Falconer and Mackay, 1996, p. 119; Phillips, 1998). Thus, in an 
example given by Frankel and Schork (1996), if obesity alleles associated with loci A and B 
each induce a 1-gram increase in body weight when inherited separately and a 2-gram 
increase when inherited together, their effects would be described as additive, or non-
epistatic. However, if their presence induces a 10-gram weight increase, or perhaps even a 
net weight loss, they would be described as non-additive, or epistatic. The same scenario can 
be applied to yield in maize. Without epistasis, yield should be a linear relationship between 
related parents due solely to additive effects. With epistasis, that relationship turns into a 
non-linear function where the combined presence of both parents gives a higher/lower than 
expected value for the phenotype due to the interaction of additive effects. 
Genes may interact epistatically to affect any trait. Models including epistatic 
interactions explained the majority of phenotypic variation for factors influencing 
vemalization in oats (Holland et al., 1997), resistance to rice yellow mottle virus (Pressoir et 
al., 1998), and resistance to southern com rust (Puccinia polysora) in tropical and Com Belt 
maize populations (Holland et al., 1998). Genie interactions tended to be the sole source of 
epistasis in these studies. Yet other groups show evidence that epistasis may also result from 
interactions of the nuclear and cytoplasmic genomes. These interactions tend to affect 
reproductive and fertility mechanisms. Both Geiger (1988) and Cruzan and Arnold (1999) 
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noted that when introgressing male sterility, viability and fertility decreased in a non-additive 
manner. Cruzan and Arnold (1999) concluded this was due to "interspecific epistatic effects" 
between the cytoplasmic and nuclear genomes. These reports indicate that careful 
consideration is needed when deciding which genotype to use as male or female, especially 
when introducing male sterility. 
This brief summary has shown that epistasis has many definitions and potential roles 
in plant genomes (Phillips, 1998). In the context of this review, epistasis refers to any 
statistical deviations from outcomes expected under additive and dominance models. 
Implications of Epistasis in the Evolutionary Process 
Several groups currently study the implications of epistasis on evolutionary 
phenomena (e.g. bottlenecks, founder events, etc.) (for review, see Wolf et al., 2000b). Gene 
interaction is the core of evolutionary theory proposed by Sewall Wright (1932; Cheverud 
and Routman, 1995). A competing view of evolution presented by R.A. Fisher in 1958 also 
assumed epistasis was important but on a different level (Brodie, 2000). Wright's concept of 
small populations as part of his shifting balance theory highlighted the importance of 
interacting genes in the evolution of a population (Goodnight, 2000; Wade, 2000). Fisher 
(1958) believed gene interactions were also present. However, he visualized them acting in 
large populations where variations due to interaction would play a minor role in species 
evolution (Phillips, 1998; Brodie, 2000). 
Recently, molecular quantitative trait loci studies show evidence that interacting 
genes influence plant growth and development (Li et al., 1997). This information has been 
accumulating at a rapid rate, but the complex interactions prevent gathering knowledge of 
how epistatic genes influence quantitative phenotypes. This complexity can be seen in the 
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steps of biochemical pathways (Avery and Waserman, 1992), e.g. the maize anthocyanin 
pathway (Coe et al., 1988). Even though we do not know the mechanism of how epistasis 
affects a phenotype, several classic references (Mather and Jinks, 1971, 1977; Falconer and 
Mackay, 1996; Allard, 1999; among others) give strong indication that epistasis is present 
and affecting quantitative traits. 
Although a few plant breeding field studies designed to detect epistasis have appeared 
in the recent literature, they are generally rare. This seems surprising since both major 
theories of evolution consider the effects of epistasis and molecular studies also indicate its 
presence. However, epistasis is a complex phenomenon, and therefore it seems reasonable to 
assume it is difficult to detect and measure. This would explain why few researchers have 
attempted to delve into this area. Much of the effort put into discovering the effects of 
epistasis on quantitative traits in plants has been reported in maize. 
Detecting and Measuring Epistasis in Maize 
Many reports in maize indicate the presence of epistatic effects but generally only as 
an explanation for why results deviated from expectations. Very few studies are set up 
explicitly to measure epistasis. The assumption of no epistasis is one of the most common 
made in quantitative genetic models, because even two-locus epistatic models with linkage 
are extremely difficult to solve (Weir and Cockerham, 1977). These complex trait analyses 
tend to neglect epistatic effects and focus instead on main effects. A disadvantage of this 
method is that a gene's effect might only be detected within a model that includes epistasis. 
For example, a gene's true main effect might be too small to detect with additive and 
dominance models. This gene might only give a measurable epistatic effect when interacting 
with a second gene. In another instance, the main effect of a locus may not be evident 
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because a second gene with an opposite or 'reciprocal' effect may cancel the effect of the first 
locus (Pooni et al., 1987; Frankel and Shork, 1996). Any of these scenarios may lead to the 
inability to detect a gene when instead it may have a significant epistatic role. The amount 
and type of epistasis present in crop species can have major consequences on the reliability 
of predictions, the design of breeding programs as well as many other processes (Wolf et al., 
2000a). When epistasis is present in a system, it introduces a bias into these models. This 
can affect the progress in a breeding program since the estimates of gene action should 
influence the breeding strategy chosen (Upadhyaya and Nigam, 1998). 
Epistasis has been measured in both self- and cross-pollinated species. Reports of 
estimates of epistasis in self-pollinated species are limited (Upadhyaya and Nigam, 1998), 
yet epistasis could be very important in these species (Goldringer et al., 1997). Additive-by-
additive epistasis in homozygous cultivars is useful because it can be fixed in the genome, 
and positive interactions can be maintained since there is no segregation. This also applies to 
the development of inbred lines used in developing cross-pollinated species. Epistasis 
studies in cross-pollinated species such as maize are more frequent. 
Epistasis can be measured at various levels. Many early studies have explored 
whether epistasis is important in the genetic variance of quantitative traits. R.A. Fisher 
presented the first analysis of variance components divided into additive, dominant, and 
epistatic effects in 1918. He studied a random mating population in both gametic 
equilibrium and Hardy-Weinberg equilibrium. Wright (1935), Anderson and Kempthome 
(1954), Cockerham (1954, 1956), Hayman and Mather (1955), Homer and Kempthome 
(1955), Homer et al. (1955), Homer (1956), Kempthome (1957), and others (Sprague et al., 
1962) have since made contributions to the understanding of epistatic variances. 
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Many studies have found epistasis to be generally less important than additive and 
dominance variation in maize populations (Chi et al., 1969; Eberhart et al., 1966; Darrah and 
Hallauer, 1972; Silva and Hallauer, 1975; Wolf et al., 2000a). Some of these studies and 
others have also reported that epistasis is an important component of genetic variance in 
specific maize lines under certain conditions (Jinks, 1955; Bauman, 1959; Gorsline, 1961; 
Lamkey et al., 1995; Darrah and Hallauer, 1972; Sprague et al., 1962; Wolf and Hallauer, 
1997). So, there is still confusion and no definite answer for the importance of gene 
interaction in maize. This most likely will remain true, as epistasis seems to have variable 
effects depending on genotypes, environments, and subsequent interactions. Although 
models measuring epistatic variances tend to show little importance for the interaction 
variance, models of mean comparisons have been more successful in detecting epistatic 
effects (Hallauer and Miranda, 1988, p. 149). 
Unique designs specifically for the study of epistatic effects using means often 
involve complex procedures. Two of the more popular models include Hayman's (1958) 
generation means analysis and Kearsey and Jinks's (1968) triple testcross. The generation 
means model uses the means of six generations derived from a cross between two inbred 
lines to estimate six genetic parameters (mean, additive, dominance, and three types of 
epistatic interactions-additive-by-additive, dominance-by-dominance, and additive-by-
dominance ). Another widely used way to detect epistatic effects is the triple testcross (TTC) 
as defined by Kearsey and Jinks (1968). The TTC uses the two parents and the F1 as testers 
for the F 2 generation. These means are compared and deviations from zero indicate epistasis. 
Sprague et al. (1962) attempted to estimate epistasis using a comparison of population 
means in a study similar to those performed by Bauman (1959) and Gorsline (1961). These 
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are among the first studies evaluating means rather than the more common procedure using 
the partitioning of variance. Sprague et al. ( 1962) studied six inbred lines involved in the 
production of double-cross hybrids at that time. The comparison of single and three-way 
cross means developed from the inbred lines revealed significant differences in yield in 13 of 
the 60 combinations tested. Comparisons of these means were a measure of how favorable 
epistatic complexes were broken due to varying recombination events when the crosses were 
being formed (e.g. a measure of how observed performance deviated from expected linearity 
(Geiger, 1988)). The authors interpreted these results to indicate that epistasis may be an 
important factor in populations of lines selected for high average combining ability and 
potential as a commercial hybrid. 
Silva and Hallauer (1975) evaluated the Iowa Stiff Stalk Synthetic (BSSS) population 
per se for epistasis because it is an important source population for many elite inbred lines. 
North Carolina Design I and Design II mating designs were used to develop half-sib and full-
sib progenies. These designs do not include epistasis, but epistatic parameters can be 
calculated from components of the model (Hallauer and Miranda, 1988, p. 144). The results 
showed that epistatic variance was not an important component of the genetic variance for 
yield in BSSS. An additive genetic variance model accounted for approximately 93% of the 
total variation while dominance models raised this value to approximately 99%. Adding 
digenic epistasis did not improve the fit of the model. 
Wolf and Hallauer (1997) used a triple testcross (TTC) analysis to study the well-
recognized single cross hybrid B73 x Mol 7. The Fi's of the cross were hybridized to the P1 
(B73), P2 (Mol 7), and F1 generations to assess epistatic effects. The TTC was proposed by 
Kearsey and Jinks (1968) as an extended form of the North Carolina Design III specifically 
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to test for epistasis. The theoretical model proposes that the mean of the F2 backcrossed to P1 
( Lli) plus the mean of the F 2 backcrossed to P2 ( L2;) minus two times the mean of the F 2 
backcrossed to the F 1 ( L3;) should equal zero [ eq. 1]. This model assumes no epistasis, and 
any deviation (D) from zero would indicate the presence of epistasis in the F2 population. 
where Lli, L2;, and L3; are testcrosses produced by crossing the i th F 2 male to B 73, 
Mol 7, and the F1, respectively. 
(1) 
Both B73 and Mol 7 inbreds showed significant positive epistatic effects for certain 
traits, and epistasis seemed more important in environmental extremes-both highly and 
poorly productive environments. Their conclusion was that epistasis did affect performance 
of this cross. Positive epistatic effects may have contributed to the expression of heterosis 
and could explain why B73 x Mol 7 was widely grown in the U.S. Com Belt during the late 
1970s and early 1980s. 
Most statistical models in use assume epistasis is not present because it tends to be a 
small part of the overall evaluation and is often confounded with dominance effects ( e.g. 
North Carolina Designs I, II, and III assume that epistasis is absent). The Kearsey and Jinks 
(1968) triple testcross design was developed as a direct test for epistasis and can measure 
additive and dominance effects when epistasis is not present. It has been used with per se 
performance data (Wolf and Hallauer, 1997) and has also been applied to testcross data (Eta-
Ndu and Openshaw, 1999). 
Eta-Ndu and Openshaw (1999) applied a modified triple testcross procedure to 
testcross data using parents from two breeding populations, A679 x Wx6005 and A679 x 
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FR902. The F2 is crossed to the P1, P2, and F1 generations, which are then testcrossed to 
inbred lines from an opposite heterotic pattern. Testing for epistasis used actual testcross 
data obtained when LH85 and LH163 inbreds were used as the male parent in top-cross 
isolations. Family testcross means and testcross genotypic variances showed epistasis in 
both populations. However, the overall means did not show epistasis. It was also noted that 
detection of epistasis differed with the tester used. This is an important finding because in 
breeding programs, inbred testers are used to select superior lines for specific combining 
ability, which is a measure of dominance and epistatic effects (Sprague and Tatum, 1942). 
Desirable lines may be identified as a result of epistatic effects found in a particular tester by 
line cross. The tester used may contribute either positive or negative effects to the specific 
combining ability and, therefore, is very influential on which lines are selected for advancing 
further generations. 
Moreno-Gonzalez and Dudley (1981) analyzed three methods used to test for 
epistasis including generation means analysis, diallel analysis, and Bauman's (1959) method 
of measuring the deviation of a three-way cross mean from the non-parental single cross 
mean. Results were measured from all possible crosses between Iowa Stiff Stalk Synthetic 
(N28, B37, and B73 lines) and Lancaster Sure Crop (C103, Oh43, and Mol 7 lines) 
populations. Eight generations were evaluated from the elite line crosses including random 
mated, selfed, and backcrossed generations. All three studies found significant epistatic 
effects, but the importance of epistasis was considered minor when compared to dominance 
effects. Generation means and diallel analyses showed small epistatic effects and variances 
compared to dominance effects and variances. Bauman's method measured epistatic means 
rather than epistatic effects, and found some crosses with significant epistasis for yield. 
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Ceballos et al. (1998), using a generation mean analysis, analyzed per se data from 
tropical maize genotypes. When analyzing non-testcross data, both dominance and additive 
effects as well as epistasis may influence phenotypes and are included in the model. The 
model for generation means analysis when crossing two inbred parents from a diploid 
population with equal gene frequencies according to Hayman (1958) can be generalized as 
follows (Hallauer and Miranda, 1988, p. 108): 
Y = m + aa + /Jd + a 2 aa + 2af]ad + /J 2 dd; 
where 
Y = generation mean considered (parental, backcross, F1, F2, etc.); 
m = generation mean of base population; 
a = generation dependent coefficient of additive effect; 
a = additive effect; 
fJ = generation dependent coefficient of dominance effect; and 
d = dominance effect. 
(2) 
Using this analysis, Ceballos et al. (1998) found results similar to Wolf and Hallauer's 
( 1997) triple testcross study and Goldringer et al.' s ( 1997) study of double haploid wheat 
lines where epistasis appears to be more important in extreme environments ( e.g. acid soils or 
extremely high/low productivity). The greater importance of epistasis in acid-soil locations 
may be due to genetic and/or physiological effects or because of the higher environmental 
variability found in acid soils. Gamble (1962) also reported on the instability of epistatic 
gene effects in maize. The environment interactions depend on the number of genes 
involved in the inheritance, and as the gene number increases, the opportunities for 
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environmental influence become greater. These environmental fluctuations make fitting any 
theoretical model to the actual data more difficult. 
Weighted least squares as described by Nelder (1960) in combination with a North 
Carolina Design III analysis were used by Wolf et al. (2000a) to measure the relative 
importance of digenic epistatic variances. This is a further analysis of the work by Wolf and 
Hallauer (1997) using the triple testcross design. The epistatic variances were relative to 
additive and dominance variances in a population developed from the B73 x Mol 7 hybrid. 
In this study, additive-by-additive, dominance-by-dominance, and additive-by-dominance 
variances generally were not determined significant because they were not greater than twice 
their standard errors, were negative, or were unrealistic (Mather and Jinks, 1977, p. 109; 
Wolf et al., 2000a). Models without epistasis often provided much better fits to the data and 
more precise variance estimates. This approach indicated that digenic epistatic variances 
although present were less important than additive and dominance variances. While epistatic 
variances were not important, significant epistatic effects have been detected in this hybrid 
(Larnkey et al., 1995; Wolf and Hallauer, 1997) that may explain why it had exceptional 
hybrid performance. 
Kearsey ( 1993) suggests that weighted least squares are the best method of testing for 
epistasis. With this method, the base population mean, additive and dominance effects are 
estimated from six means (parents 1 and 2, F1, F2, and backcrosses of the F1 to both parents). 
These means are weighted by the reciprocal of the variance of the respective generation 
mean. This allows for estimation of parameters which best fit all generations, and that fit is 
tested using a Chi-square test for weighted estimates (for the theory, see Mather and Jinks, 
1971, p. 114; 1977, p. 38). 
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In general, many of the studies detected the presence of epistasis, but determined that 
it was not an important component of the overall variation or effect of genes. This is 
contradictory to what we know should be occurring in the genome. We predict epistasis is 
occurring especially for quantitative traits where many genes interact to produce a 
phenotype. However, we have not been able to give it the attention and significance it 
deserves. We have yet to develop a model to prove our hypothesis that epistasis has a large 
effect. Although its biological significance appears to be substantial, its measurable 
contribution to the variation of a trait may be small. 
Generation Means Analysis with Testcross Data 
Melchinger (1987) enhanced the generation means analysis of Hayman (1958) to 
determine expectations of testcross generation means and variances of the F 2, backcross 
(BC), and selfing generations resulting from a cross between two pure-breeding lines (P1 and 
P2). He added to this system using the weighted estimates and goodness-of-fit tests theorized 
by Mather and Jinks (1971, p. 114; 1977, p. 38). This system uses the F2 generation as the 
base population with testers from an opposite heterotic pattern-the genetic material 
commonly used in current hybrid maize breeding programs. Theory had been developed to 
compare these two populations regarding per se performance, but no theory was available on 
testcross performance. These models considered the effects of epistasis and linkage while 
making the following assumptions: 
parents are related homozygous lines 
tester is an elite homozygous line unrelated to either parent 
epistatic interactions among three or more loci are absent--only digenic epistasis 
is present 
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• diploid species 
• selective neutrality in gamete and zygote development 
• no mutations 
• recombination frequencies are the same in the male and female and independent 
of the cytoplasm and genetic background 
The tester was assumed to be a homozygous line unrelated to the parents and used in 
all crosses so the effect would be equal across all matings. Therefore, differences in the 
genotypic means for all individuals having the same tester are attributed solely to the 
genotype of the gametes received from the parents. The general formula for calculating 
means of inbreeding populations is: 
µ = (p - q )a + 2 pq(l - F)d ; 
where 
p,q = allele frequencies; 
a = additive effect; 
d = dominance effect; and 
F = inbreeding coefficient. 
(3) 
When the parents used in each combination are related lines (F~l), only additive 
effects are heritable to the progeny. Dominance effects occur together with additive effects 
when non-inbred parents (F~O) are crossed. To estimate the genetic effects of progeny from 
related parents, consider two loci,} and k, with two alleles A-a and B-b, at each locus. Such a 
cross may yield the following classes of progeny (Melchinger, 1987): 
TxAB=mT +dJ +d[ +i~ 
TxAb=mr +dJ-d[-i~ 
T B T dT dT •T xa =m - 1 + k-11k 
T x ab = mr - dJ - d[ + i~ 
where 
T = tester genotype; 
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mr =testcross mean of the F2 population in linkage equilibrium; 
(4) 
d J1 k = half the average effect of a gene substitution at locus j or k in the F 2 testcross 
population (additive effect) (coefficient may be ± 1 depending on the state of 
the allele at each locus); and 
i~ = additive-by-additive epistatic effect between loci j and k ( coefficient is obtained 
by multiplying the additive effect coefficient for each locus). 
Without epistasis, the testcross mean of the generations is a linear function of the 
additive effect that changes depending on the percentage of germplasm from the two parents. 
With epistasis, this function may become non-linear, the deviation depending on the sign of 
the additive-by-additive interaction and the condition of coupling and repulsion phase 
linkages (Fig. 1). The above series of equations can be summed over all loci and reduced to 
the following models (Melchinger et al., 1988): 
Model 1 : (linkage but no epistasis) 
(5) 
where 
Y = testcross mean of the generation considered; 
mr =testcross mean of the F2 population in linkage equilibrium; 
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x = coefficient that reflects the percentage of a parent present in each generation 
where the F2 is the base population: 
P1 generation 
P2 generation 
F1 = F2 generation 
BC1 generation 
BC2 generation 
X = 1; 
X = -1 ; 
x= 0; 
x = 0.5; and 
X = -0.5; 
01 = allelic state at locus j ( e.g. + 1 if P 1 contains the favorable allele at locus j and -1 
if P1 contains the unfavorable allele at locusj); 
d I = half the average effect of a gene substitution at locus j in the F 2 testcross 
population; and 
Model 2: ( epistasis but no linkage) 
(6) 
where 
Y,mr ,x,(dr),and 0 defined as above; 
i; = additive-by-additive epistatic effect between locij and k. 
Solving Model 2 to include coefficients for each generation yields: 
P1 : y = mT + dT + ;T 
P2 : y = mT - dT + ;T 
T F1 =F2 :Y=m 
BC1 : Y = mr + ½ dr + ¼ F 
BC2 : Y = mT - ½dT + ¼iT 
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(7) 
This series of equations [eq. 7] shows that the average testcross (TC) mean of the 
parents should differ by [iT] from the TC mean of the F1 and F2. In addition, the average TC 
mean of the backcrosses should differ from the TC mean of the F 1 and F2 by [ir] /4. These 
means comparisons indicate how epistatic effects may affect testcross performance. The F2 
generation is in linkage disequilibrium with maximum recombination expressed, so favorable 
epistatic combinations are very rare. The backcross generations, on the other hand, have less 
recombination and are not completely in disequilibrium. A degree of recombination occurs 
that can be used to estimate the amount of epistatic effects present. The parental 
homozygotes should have fixed genomes in equilibrium with no recombination. Therefore, 
comparing the mean of the parents to the F 1 and F 2 should indicate the epistasis present in the 
parents. 
The overall epistatic effect is a combined measure of linkage and epistatic effects 
between two loci. Linkage between two loci [010*] combines with an interaction effect 
u;] to give an overall measure for epistasis [iT] (Table 1 ). In general, coupling linkage with 
complementary epistasis or repulsion linkage with duplicate epistasis gives positive values 
for the overall epistatic effect. In addition, for cases of coupling linkage with duplicate 
epistasis or repulsion linkage with complementary epistasis, overall epistasis is negative (Fig. 
1 ). A major limitation of calculating epistasis based on means is that only the net effect can 
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be observed. Balancing positive and negative contributions may result in canceling 
individual effects and losing detection of epistasis even when it is present (Melchinger, 
1987). 
Melchinger et al. (1988) applied this theory to actual field data to compare the 
testcross properties of F2 versus backcross populations. This study is one of the first to report 
on means and variances of F 2 and backcross generation testcrosses. Two homozygous 
European dent inbred lines were the parents used to develop the F 2 and backcross 
generations. The tester was a European flint single-cross hybrid. Genotypic means of the 
pooled backcross and parents did not deviate from the F2 as expected, but the genotypic 
variance ( ci g) among testcross progenies was close to 0.50 for most traits and therefore met 
expectations. Varying estimates in BC 1 and BC2 generations were found that suggested the 
presence of epistasis. The results show epistatic effects are significant for some traits but the 
estimates of [iT] and the large R2 values for a model without epistasis would indicate that 
epistasis was generally of minor importance. 
Epistasis may explain the lack of success of remaking certain lines or crosses 
(Melchinger et al., 1988). If favorable epistatic gene combinations were accumulated in the 
parents by selection, they may be lost by recombination (Eberhart et al., 1964; Schill et al., 
1998). Moreno-Gonzalez and Dudley ( 1981) also noted significant recombination yield 
losses they believed were due to break up of favorable epistatic linkage blocks in these 
crosses between elite lines of maize adapted to the U.S. Com Belt. The BC1 and BC2 
generations offer less opportunity for recombination than the F2 generation and thus have a 
lower risk for epistatic recombination losses. This can be seen in the number of possible 
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segregation classes in a two-locus system. Three possible classes arise when the F2 is formed 
while only two recombination classes segregate when making backcrosses. 
Lamkey et al. (1995) conducted a study similar to Melchinger et al. (1988) using 
North American yellow dent inbreds. The purpose was to determine the importance of 
epistasis in inbred lines B73 and B84 with Mo 17 as the tester. Epistatic effects were 
significant for grain yield and grain moisture. The value obtained for the epistatic effect lies 
within the standard error interval of the value obtained by Melchinger et al. (1988) in the 
previous study. The evaluation of European maize germplasm also gave significant fit based 
on z 2 estimates for grain yield. In the study by Lamkey et al. (1995), the epistatic model 
(Model 2) explained a much higher percent of variation in generation means than Model 1 
when compared to Melchinger et al.' s (1988) study. The importance of epistatic effects gives 
evidence that favorable epistatic gene complexes have accumulated in B73 and B84 that may 
account for the success of these inbreds in breeding programs. Further research is needed for 
a system to accurately measure epistasis before it can be concluded that epistasis is an 
important factor in all elite maize hybrids. 
A variety of work has been done attempting to understand epistasis and its effects on 
grain yield in maize. Epistasis generally has been measured using generation mean analysis 
(Moreno-Gonzalez and Dudley, 1981; Ceballos et al., 1998), variance component estimation 
(Silva and Hallauer, 197 5), deviation of three-way cross means from single-cross means 
(Sprague et al., 1962; Moreno-Gonzalez and Dudley, 1981), or triple testcross analysis (Wolf 
and Hallauer, 1997; Eta-Ndu and Openshaw, 1999). Studies estimating epistasis via means 
generally have reported significant epistatic effects (Hallauer and Miranda, 1988, p. 149). 
Estimates of epistatic variance components tend to be nonsignificant. The germplasm used 
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in the experiments has been either lines derived from open-pollinated varieties or elite inbred 
lines. Open-pollinated varieties generally have shown additive effects to be more important 
than dominance or epistatic effects. Elite inbred lines generally have shown dominance and 
epistatic effects to be more important than additive effects (Schnicker, 1992; Lamkey and 
Lee, 1993). Most of the early measurements of epistasis were conducted using generations 
per se. However, empirical evidence is starting to become available on the importance and 
expression of epistatic effects in testcrosses to reflect the heterotic nature of commercial com 
hybrids currently being developed (Melchinger et al., 1988; Schnicker, 1992; Lamkey et al., 
1995). 
Statistically, there is more power to detect epistasis with means than by using 
variances because the means generally are larger values and are the actual measure of the 
trait. Also, the reference population for generation mean analysis (the F2 generation) is often 
much narrower than for the analysis of variance which requires development of progeny 
within segregating generations (Hallauer and Miranda, 1988, p. 149). These differences can 
also interact so that when the analysis of variance cannot detect epistasis, it may be due either 
to lack of statistical power or the fact that epistasis is actually absent. With both methods, 
the inability to detect epistasis cannot be taken as evidence for the absence of epistasis 
because of the possibility that epistatic effects among loci may cancel each other. Continued 
study into the development of new approaches and methods for estimating epistasis for 
quantitative traits are necessary. 
Implications of Epistasis in Plant Breeding Programs 
The reproductive system of a species, origin of the breeding material, and the trait 
under evaluation are all factors taken into consideration when designing breeding programs. 
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The mating system used as well as parental gamete frequencies influence the means, 
variances, and covariances ofrelatives obtained for a selection of breeding material (Geiger, 
1988). Epistasis can affect the value of these traits as well as a broad range of other genetic 
factors (e.g. recombination, heterosis, inbreeding, heritability, and genetic variability). 
Epistasis can be both a bane and a boost to plant breeding programs. With 
germplasm sources separated over an evolutionary time scale, gene complexes with favorable 
epistatic interactions may have formed. When making crosses between the different sources, 
recombination events may break up the gene complexes, especially in self-pollinating species 
(Eberhart et al., 1964; Schill et al., 1998). It may explain yield reductions seen in intra- and 
inter-pool crosses of flint and dent maize inbreds (Melchinger et al., 1986). Becker and 
Schnell (1988) also observed recombination losses in advanced intermating generations of 
intra- and inter-pool maize synthetics. This breakup of gene complexes may explain why 
epistasis is blamed when attempts to resynthesize certain lines or crosses are unsuccessful 
(Melchinger et al., 1988). On the other hand, this buildup of favorable epistatic complexes is 
often cited as the reason for the wide adaptation of certain maize inbred lines and hybrid 
combinations (Hallauer and Miranda, 1988, p. 149; Lamkey et al., 1995). For outcrossing 
species, the most effective method to preserve and enhance favorable complexes is to cross 
elite lines with closely related elite relatives (Allard, 1999, p. 151 ). This way, there is less 
chance that segregation will break down epistatic complexes. 
There is a strong argument for the role of epistasis in the genetic basis of heterosis. 
Xu and Zhu (1999) propose a model to predict heterosis of hybrid offspring. Most predictive 
models are based solely on additive and dominance effects. This proposed model also 
includes an additive-by-additive epistatic component that would provide a better fit for 
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multilocus traits. Xu and Zhu (1999) proceed through several simulations and conclude that 
stable heterosis is not due to dominance, but rather to additive-by-additive epistatic effects. 
A previous study by Yu et al. (1997) in a heterotic rice hybrid provided the initial evidence 
for the role of epistasis in heterosis. Low levels of correlation were found between molecular 
marker heterozygosity and phenotypic expression. This indicated to Yu et al. (1997) that 
heterozygosity was not the basis of the heterosis they observed. They did detect frequent, 
widespread digenic epistatic interactions and concluded these were more important to the 
genetic basis of heterosis. Mather and Jinks ( 1977, p. 110) also acknowledge that non-allelic 
interaction is commonly detected when measuring heterosis. Heterosis, therefore, would 
seem to be more complicated than the dominance and overdominance hypotheses suggest. 
Also, the results of these marker-assisted studies of quantitative traits seem to clearly show 
that epistasis plays a major role in the inheritance of quantitative traits, especially one of the 
most complex traits, yield. 
Breaking favorable epistatic complexes was earlier cited as a potential disadvantage 
as recombination may lead to yield losses. However, it can also be viewed as an 
advantageous source of genetic variation. Rasmusson and Phillips (1997) strongly argue in 
favor of this position. While some current opinions view a limited source of genetic 
variability within populations and a threatened supply of natural diversity, this variation 
could help ease those concerns. With epistasis as a source of genetic diversity, Rasmusson 
and Phillips (1997) present the hypothesis that the plant genome is dynamic and all genetic 
variability does not exist solely in the original parents of a population. They cite, for 
example, the University of Illinois long-term selection program of high- and low-oil com 
(Dudley and Lambert, 1992). With continuous, strict selection, the expectation is to "fix" the 
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loci responsible for the phenotype in a homozygous state to a point where the phenotype no 
longer changes. At the time of the Dudley and Lambert (1992) publication, these lines had 
undergone 90 generations of selection and genetic gain was still progressing. Actual 
breeding programs and molecular studies confirm high levels of variance after many 
generations of selection and indicate variability that was not in the initial populations 
(Hallauer, 1981). 
Rasmusson and Phillips (1997, p. 309) propose that this variation arises when genes 
interact after being placed in a new genetic environment (Doebley et al., 1995; Lark et al., 
1995)-"if de novo generated alleles are a significant source of variation and if elevated 
epistasis extends the phenotypic range for traits beyond that expected from current theory, 
one can predict continued genetic gains in narrow gene pools, extended progress from long-
term selection, and variation within doubled haploids." If this hypothesis is accurate, 
epistasis plays a more important role in plant breeding programs than many researchers may 
be aware of. If epistasis does have a major effect, how does it affect the type of breeding 
method chosen? 
Upadhyaya and Nigam (1998) present management strategies to use when epistasis is 
present in peanuts (Arachis hypogaea L.). Additive-by-additive epistasis can be taken 
advantage of when developing self-pollinated pure-line cultivars. Selecting in later 
generations and maintaining large populations before selection are useful ways to modify 
breeding schemes to provide the maximum opportunity for accumulation of advantageous 
combinations of genes. Testing and making selections early would be ineffective because 
favorable complexes would not have time to develop. Traits governed primarily by additive 
effects can be effectively selected following early generation testing (Goldringer et al., 
26 
1997). Selfing and selecting families in later generations would be preferred for traits with 
large epistatic effects in self-pollinated species. 
When developing pure line parents for outcrossing species, only additive and 
additive-by-additive epistatic effects can be exploited similarly to selfing species (Schill et 
al., 1988). With expression of positive additive-by-additive epistasis, the performance of the 
parents in a cross might be influenced by accumulation of favorable gene combinations. 
These may be partly lost by recombination in the initial cross so that the parents cannot be 
used to predict the mean performance of their progeny. Crosses between germplasm pools 
tend to induce recombination losses (Eberhart et al., 1964; Schill et al., 1988). When wide 
crosses are used to introduce germplasm, it is valuable to have large populations. We would 
expect an increased number of segregating loci in wide crosses (Isleib et al., 1978), and 
therefore, we need larger populations to recover favorable combinations of homozygous loci. 
Epistasis therefore can have a broad and varied impact on plant breeding programs. 
The presence of these deviations may invalidate expectations of models and predictions 
based on those models. Therefore, it would be logical to identify a test to accurately estimate 
these epistatic effects and then use that information to amend or develop theories accounting 
for the presence of epistasis. 
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Table 1. Summary of the association between linkage phase and epistasis that gives the 
overall epistatic effect [ ir] in a two-locus model ( compiled from Melchinger, 1987). t 
allelic statet epistasis§ combined effect of linkage and ... # 
linkage complementary duplicate 
phase locus 1 locus 2 complementary duplicate epistasis epistasis 
coupling + + + 
repulsion + 
+ 
+ 
+ 
+ 
+ 
+ 
t components of the ir epistatic term from Model 2: Y = mr + x(dr) + x 2 (ir). 
+ 
+ 
t [locus 1 = 01 and locus 2 =0k] + indicates a favorable allele (generally dominant) while -
indicates an unfavorable allele (generally recessive) expressed at a locus. 
§ [ i;] additive-by-additive epistatic effect; + indicates the trait is positively affected by 
epistasis while - indicates the trait is negatively affected by epistasis. 
# [ ir = LJ<k 010ki; ] combined results seen graphically in Fig. 1. 
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Figure 1. Regression of testcross generation means on percent parental germplasm. 
Parental germplasm may be parent 1 (P1), parent 2 (P2), cross between P1 and P2 
(F 1), self of the F1 (F2), backcross of the F 1 to P 1 (BC1), or backcross of the F 1 to P2 
(BC2). Calculations are based on d!1k = 2 and i; = ±1 and substituting into 
Melchinger et al.'s (1987) testcross mean Model 1 and Model 2. 
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CHAPTER 3. EPIST ASIS FOR GRAIN YIELD IN ELITE MAIZE HYBRIDS 
A paper to be submitted for publication in Crop Science 
Lori L. Hinze and Kendall R. Lamkey 
Abstract 
Certain maize (Zea mays L.) inbred lines are more successful than others in forming 
elite hybrids. This study was conducted to determine whether epistatic interactions play a 
significant role in hybrid performance, whether an epistatic or non-epistatic model 
satisfactorily explains the variation observed, and whether the selected models are 
appropriate for detecting epistasis. Statistical epistasis was measured with a modified 
generation means model using testcrosses. The non-epistatic model included components for 
the main effect and an additive effect. In addition to these terms, the epistatic model 
included an additive-by-additive epistatic component. Six progeny generations (P1, P2, F 1, 
F2, and a backcross from the F 1 to each parent) were produced for all possible hybrids of a 
five-parent diallel in both the Iowa Stiff Stalk Synthetic (BSSS) heterotic group and the non-
BSSS heterotic group. Two testers were hybridized to each of the 10 possible hybrid 
progeny sets in the BSSS group while two different testers were hybridized to the non-BSSS 
group. Each testcross progeny set was evaluated in both 1999 and 2000 at five locations. 
The non-epistatic model accounted for a large amount of the variation in generation means 
and generally fit the data well as most Chi-square tests were not significant. Epistasis was 
not detected as frequently as expected based on previous studies. Of the 40 maize testcross 
progeny sets studied, five exhibited a significant epistatic effect for grain yield. Four of the 
significant epistatic effects showed evidence of linkage, while the remaining significant case 
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was due to unlinked epistatic effects. Our results suggest that detection of epistasis using 
testcross generation means models depends on the relatedness of the parents in the hybrid 
cross and the tester used. In addition, lines not highly selected for specific combining ability 
may not be expected to express epistasis as a fitness advantage. Epistasis in specific crosses, 
however, can lead to superior productivity and may be cause for modifying breeding 
programs to accommodate accumulation of favorable epistatic effects. 
Introduction 
Statistical epistasis describes the deviation that occurs when the combined additive 
effect of two or more genes does not explain an observed phenotype (Falconer and Mackay, 
1996). The main focus of statistical epistasis is determining whether or not the phenotype of 
a given genotype can be predicted by simply adding the effects of its component alleles 
(Cheverud and Routman, 1995; Phillips, 1998). The difference between the observed 
phenotype and predictions based on genotype is termed the epistatic deviation. Statistical 
epistasis differs from the Mendelian view of epistasis where the phenotype is a result of one 
gene masking the effects of another. Genetic (physiological) epistasis is a genotypic 
phenomenon while statistical epistasis is a population phenomenon based on allele 
frequencies (Cheverud and Routman, 1995). 
Favorable epistatic deviations may become fixed and maintained in inbred lines 
(Lamkey et al., 1995). Presence of epistatic effects may explain why certain inbreds are 
more successful than others in forming hybrids, and they can be beneficial when researchers 
set up breeding programs (Hallauer and Miranda, 1988; Lamkey et al., 1995). Being able to 
detect positive epistatic interactions within inbred lines would allow breeders to select those 
lines most appropriate in making desired hybrids. 
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Measures of epistasis in maize hybrids have been estimated by (i) using triple-test 
crosses (Wolf and Hallauer, 1997; Eta-Ndu and Openshaw, 1999), (ii) making comparisons 
of single, three-way, and double cross hybrids (Sprague et al., 1962; Moreno-Gonzalez and 
Dudley, 1981 ), or (iii) measuring variance components (Silva and Hallauer, 1975). 
However, these methods have not measured epistasis as it would appear in a modern hybrid 
condition, and thus it is not clear whether the results obtained are an accurate measure of 
epistasis occurring in today's germplasm. Other measures of epistasis were made using 
generation means analysis (Moreno-Gonzalez and Dudley, 1981; Ceballos et al., 1998) which 
makes it possible to examine epistatic effects based on means-a more powerful test than 
examining variance components (Fenster et al., 1997). The original generation means 
analysis proposed by Hayman (1958) measured the different generations derived from a cross 
between two pure-lines. Melchinger's (1987) method of evaluation took the generation 
means model a step further. Using generation means analysis with testcrosses allowed for 
the removal of dominance effects that tended to overwhelm the epistatic effects. This gives a 
more accurate estimate of additive main effects and additive-by-additive interaction effects. 
For our study, we used the analysis developed by Melchinger (1987) for testcross 
means of a cross between two inbred lines, their F 1, F2, and backcross generations. This is a 
continuation of the work of Lamkey et al. (1995) who first attempted to measure epistatic 
effects in North American maize germplasm using testcrosses in a generation means analysis. 
Our aim was to extend the research ofLamkey et al. (1995) to a greater range of U.S. maize 
germ plasm to get a broader view of the effects of epistasis. The significance of the findings 
reported by Lamkey et al. (1995) suggested that epistasis might play a significant role in 
many other elite maize hybrids. A program designed to test this hypothesis was 
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consequently initiated. An advantage of our experiment compared to previous epistasis 
studies is that we have evaluated a large number of hybrid combinations in a single 
experiment. Since epistasis has proven difficult to estimate, and this method has potential for 
improving our estimating ability, it deserves a thorough evaluation. 
Our study implements, on a large scale, a model with the theoretical basis to evaluate 
a modem system of hybrid production to detect the presence of epistasis. The objectives of 
the research are: i) to estimate genetic means and effects when Melchinger's (1987) Model 1 
and Model 2 are applied to testcross progeny sets from a wide selection of maize hybrids, ii) 
to determine whether epistasis is present and influencing phenotypic variation, iii) to clarify 
which model best explains the variation in the data collected, and iv) to establish whether 
these models are useful in detecting epistasis in U.S. elite maize hybrids. 
Materials and Methods 
Genetic materials 
The parental lines in this experiment included yellow dent maize inbreds from both 
Iowa Stiff Stalk Synthetic (BSSS) and non-BSSS heterotic groups. The BSSS inbred lines 
included B14A, B37 (Russell et al., 1971), B73 (Russell, 1972), B84 (Russell, 1979), and 
B94 (Russell, 1991). The non-BSSS inbred lines included B90, B91 (Russell, 1989), B95 
(Hallauer et al., 1992), B97 (Hallauer et al., 1994), and B99 (Hallauer et al., 1995). The five 
lines within each heterotic group were crossed in a 5 x 5 diallel mating design to produce 10 
F 1 hybrids for each group. Six generations of progeny were obtained from each of the 20 
hybrids: the two parental generations (P 1 and P2), the F 1, the F 2, and the two generations of 
the F 1 backcrossed to each parent (BCP 1 and BCP2). Random plants of the F 1 hybrid were 
self-pollinated to form the F2. Those same F1 hybrid plants were also crossed to P1 and P2 
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plants to make the BCP1 and BCP2 generations, respectively. Each group of six progeny 
generations resulting from a hybrid cross will be referred to as a hybrid progeny set. There 
are 10 hybrid progeny sets for the BSSS group and for the non-BSSS group. 
Testcrosses of each hybrid progeny set (hereafter referred to as testcross progeny sets) 
were formed in isolations near Ames, IA in 1997 and 1998. The testers for each hybrid 
progeny set were from the opposite heterotic group. The two testers for the non-BSSS hybrid 
progeny sets were B104 and B73. B104 was derived from BS13, a population formed from 
the BSSS heterotic group (Hallauer et al., 1997). Inbred B73 was derived from an advanced 
recurrent selection population (Cycle 5) ofBSSS (Russell, 1972). The two testers for the 
BSSS hybrid progeny sets were B97 and Bl 12. B97 was selected from Cycle 9 of a 
reciprocal recurrent selection program in Iowa Com Borer Synthetic No. 1 (BSCBl) 
(Hallauer et al., 1994). Bl 12 was selected from Cycle 11 of the BSCBl population (A.R. 
Hallauer, personal communication, 2001 ). There were 10 hybrid progeny sets from each 
heterotic group and two testers were used to make testcrosses within each heterotic group. 
Therefore, 40 unique testcross progeny sets were developed. Inbred lines were labeled 
arbitrarily as P1 or P2 in a cross generally with the earliest released line within the hybrid pair 
designated as P1. An inbred line may always be P1 or P2 within hybrids or may be labeled P1 
in one hybrid and P2 in another hybrid. The label for a testcross progeny set followed the 
form: (P1 x P2) * tester. 
Two of the testcross progeny sets lacked data for the BCP1 generation. Seed of the 
BCP1 generation from the (B37 x B84) hybrid was not testcrossed to either B97 or Bl 12 
because adequate seed was not available after producing the backcross. These two entries 
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were replaced with filler plots in the field evaluation, and their phenotypic data were 
removed from the analysis. 
Field evaluation 
The 240 entries were evaluated in a 12 x 20 row-column lattice (a(0,1)) experimental 
design with two replications at five locations for two years. Testcrosses were evaluated at 
Ames, Carroll, Crawfordsville, Fairfield, and Rippey, IA in 1999 and 2000. Experimental 
plots consisted of two rows, 5.49 m long with 0.76 m between rows. Data collected on plots 
included silking date (days after planting when 50% of the plants in a plot showed visible 
silks), ear height (cm), plant height (cm), root lodging (percentage of plants leaning greater 
than 30° from vertical), stalk lodging (percentage of plants with stalks broken at or below the 
highest ear), machine harvestable grain yield (Mg ha-1), and grain moisture concentration at 
harvest (g kg-1). Plant and ear height data were collected from competitive plants within the 
two-row plot. Plant height was calculated from ground level to the node of the flag leaf, and 
ear height was calculated from ground level to the node of the highest ear on the plant. 
Silking dates were only recorded at the Ames location for both years. Percent root and stalk 
lodging were not recorded at the Ames and Crawfordsville locations in 2000 because of 
severe lodging at harvest. Also, plant and ear height information was not collected at 
Crawfordsville in 1999 because of severe lodging mid-season. The results presented in this 
paper focus primarily on the effects of epistasis on grain yield across the 40 testcross progeny 
sets. A future manuscript will discuss how epistasis affects variability of the remaining 
phenotypic traits. 
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Statistical analysis 
Individual environments were evaluated using a mixed-model lattice analysis where 
rows and columns were fit as random effects and entries were fit as fixed effects. Results 
from these analyses were used to test for normality and outliers. Corrected data from each 
location was used to compute the combined analysis over environments. For the combined 
analysis, the entry x environment interaction along with rows and columns were fit as 
random effects. Entries and environments were fit as fixed effects. Standard errors of the 
combined entry means were estimated from the overall mean variance for each trait. The 
overall mean variance was obtained by averaging all possible pairwise differences between 
entry means. 
The means combined over environments were used to fit Melchinger's (1987) Model 
1 and Model 2. Each parent inbred line crossed with a tester was included four times in the 
experiment because each inbred was involved in four F 1 hybrids in the 5 x 5 diallel. To get a 
better estimate of these points, the four parental testcrosses that were the same were averaged 
together. The generation means for each testcross progeny set were considered separately 
and used to estimate genetic parameters for both models. 
Under the null hypothesis, we expect a linear relationship due solely to additive 
effects [ dr] to explain the differences among testcross generation means. A significant 
additive effect indicates that genetic differences are present among generations within a 
testcross progeny set. The sign of [dr] indicates which parent is higher yielding (e.g. a 
positive value indicates P1 is higher yielding than P2). The alternative hypothesis suggests 
this relationship deviates from linearity due to combined epistatic (non-additive) effects [{] 
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to give a quadratic function. A significant epistatic effect means that additive effects alone 
cannot explain the variation present among generations. The sign of[?] reveals the trend 
among generation means. A positive epistatic effect is concave upwards as P > BC > F2 • A 
negative value indicates the F2 outyields both the average of the backcrosses (BC) and the 
average of the parents (P) . The superscript T in the following formulas indicates that these 
values pertain to testcross effects that are distributed uniformly among crosses to the same 
tester. Therefore, any observable effects within generations of a testcross progeny set are due 
solely to the original related parents. Testcross effects are evident when comparing means of 
hybrid progeny sets crossed to different testers. Model 1 allows for linkage but does not 
account for epistasis: 
where 
Y = testcross mean of the generation considered; 
mr = testcross mean of the F 2 base population in gametic equilibrium; 
x = coefficient that reflects the percent of a parent present in each generation relative 
to the F2 population: 
generation P1 
generation P2 
generation F2 = F 1 
generation BC 1 
generation BC2 
X = 1; 
X = -1; 
x= 0; 
x = 0.5; and 
X = -0.5. 
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Bj = allelic state at locus j ( e.g. + 1 if P 1 contains the favorable allele at locus j and -1 
if P1 contains the unfavorable allele at locusj); and 
dJ = one-half the average effect of a gene substitution at locus j based on the F2 
testcross population. 
Model 2 allows for digenic epistasis but does not include linkage: 
where 
Y = mT + x(dT) + x2({); 
Y,mT,x,(dr), and 0 defined as above; 
(/) = Lj<k 0j0ki; ; and 
ij~ = additive-by-additive epistatic effect between locij and k. 
The genetic expectations for each generation under Model 1 and 2 were given by Lamkey et 
al. (1995). The genetic parameters for both models were estimated using weighted least 
squares: 
where 
jJ = column vector of estimated genetic parameters; 
X = a matrix with elements that are a function of the generation; 
W = a matrix with the inverse of the variances of the generation means on the 
diagonal and zero on the off-diagonal; and 
y = column vector of testcross means. 
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Weighted estimates were calculated because the parental generations are known with more 
precision than the remaining generations (Mather and Jinks, 1971 ). Standard errors for the 
genetic parameters were calculated as the square root of the diagonal of the (X1wxr1 
matrix. A coefficient of multiple determination (R2) was obtained to explain the amount of 
variation accounted for by each model. The goodness-of-fit of each model was tested with a 
weighted Chi-square test as described by Mather and Jinks ( 1971 ; 1977): 
X 2 = z)(O-E)2xV]; 
where 
0 = observed testcross generation mean; 
E = expected testcross generation mean; and 
V = the inverse of the variance of the testcross generation mean. 
Results and Discussion 
Entry means across environments and testers 
The highest mean grain yield (9.59 Mg ha-1) was harvested from the Ames location in 
1999, while the lowest mean grain yield (6.04 Mg ha-1) was produced at Crawfordsville in 
2000. Severe lodging led to low yields, as ears of broken plants may not have been machine 
harvestable. There was no gleaning for unpicked ears at harvest. The Fairfield location had 
the highest overall grain moisture (266 g kg-1) in 1999 and the lowest grain moisture (154 g 
kg-1) in 2000. The 1999 environments combined had the highest overall mean grain yield 
(8.14 Mg ha-1), grain moisture (222 g kg-1), and root lodging (9.5%). Overall stalk lodging 
(38.6%), plant height (273 cm), and ear height (135 cm) means were highest in the 2000 
locations. Based on a high percent of measurable root lodging at Crawfordsville, the 1999 
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environment was more conducive to root lodging. However, severe lodging at the Ames and 
Crawfordsville locations in 2000 prevented measurement of these traits in those 
environments. Silking date was not effectively different between the 1999 and 2000 growing 
seasons. 
The testcrosses with non-BSSS parents (B73 and Bl04 testers) averaged over all 
environments tended to have the highest grain yield (7.70 Mg ha-1), highest grain moisture 
(200 g ki1), highest percent root lodging (6.8%), lowest percent stalk lodging (14.6%), and 
tallest plant (261 cm) and ear (126 cm) height. B73 testcrosses generally outyielded all other 
testcrosses except in 2000 at the Crawfordsville (5.95 Mg ha-1) and Rippey (6.37 Mg ha-1) 
locations. Bl 12 testcrosses had the lowest yields at all locations except Crawfordsville (8.72 
Mg ha-1) and Fairfield (6.95 Mg ha-1) in 1999 and Crawfordsville (6.12 Mg ha-1) and Rippey 
(6.13 Mg ha-1) in 2000. The high yields ofBl 12 testcrosses relative to the other testcrosses 
in these environments were due to Bl 12's decreased susceptibility to root lodging. In 
general, Bl 12 testcrosses averaged 2.0% root lodging while the other testcrosses ranged from 
6.1 % to 9 .2% root lodging. 
Generation means 
Four testcross progeny sets ((B91 x B99)*B104; (B97 x B99)*B104; (Bl4A x 
B84)*B97; and (B14A x B73)*Bl 12) had differences (PS 0.05) in grain yield between the 
FI and F2 generations (Tables 2 - 4). Differences between the F I and F2 are critical when 
analyzing the effect oflinkage on epistatic relationships. Comparisons of the parental 
( P = P1 + P2 ) and backcross means (BC= BCP1 + BCP2 ) to the F2 are useful in predicting 
epistasis. For grain yield, one testcross progeny set ((B90 x B95)*Bl04) showed a 
significant difference (PS 0.05) between P (7.55 ± 0.09 Mg ha-1) and the F2 (6.88 ± 0.27 Mg 
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ha-1) (Table 2). There were no observed differences between BC and the F2 for any testcross 
progeny set. 
P1 differed from P2 in eight testcross progeny sets of both the B97 and B112 
testcrosses (Tables 3 - 4). In contrast, these differences were less frequent among non-BSSS 
lines crossed to B73 and B104 (Tables 1 -2). Six of the 10 testcross progeny sets from B73 
had parental differences while only one testcross progeny set from B 104 showed a difference 
between P1 and P2. A close relationship among the non-BSSS parental lines may help 
explain the results obtained when fitting the epistatic model to these testcrosses. 
The parental lines used in this study were chosen because they were a combination of 
the best and most recently developed inbreds existing from BSSS and non-BSSS when this 
experiment was initiated. However, differences among the lines, especially the non-BSSS 
lines, were not large enough to give measurable genetic effects. The testers used in this study 
were also the best available at the time. These same testers were used to evaluate the 
potential of the parental lines before they were released. To that end, those evaluations were 
based on the general combining ability of the lines-how well they perform averaged over 
several testers (Hallauer and Miranda, 1988). Individual tester effects-specific combining 
ability-may not have been as desirable as overall performance. Further evidence for the 
similarity in performance among the non-BSSS lines is given in the Iowa Experimental Corn 
Trials report of single-cross performance (Hallauer et al., 1995, 1996, 1999). In particular, 
two three-year summaries (Table 41 in Hallauer et al., 1995, 1996) of the non-BSSS parents 
crossed to B73 are available. The 1996 summary indicated the only genetic difference 
present was between B91 (9.07 Mg ha-1) and B99 (9.97 Mg ha-1) while the 1995 summary 
showed differences between B91 (8.7 Mg ha-1) compared to B97 (9.32 Mg ha-1) and B99 
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(9.24 Mg ha-1). While these differences were significant, they were still relatively similar to 
the LSD value [LSD0_05 = 0.68 Mg ha-1 (1996) and 0.49 Mg ha-1 (1995)] and did not give 
noticeable genetic differences. Comparisons between other parent pairs did not yield 
measurable differences. A three-year summary (Table 49 in Hallauer et al., 1999) for B90, 
B95, B97, and B99 testcrossed to B104 was also available. This evaluation reported no 
genetic differences for grain yield among these parents. These results support our finding of 
little difference among the non-BSSS group of lines. The difference was also evident in the 
relatively steeper slopes of the regression lines for the BSSS testcross progeny sets (Fig. 3 -
4). The non-BSSS hybrid progeny sets testcrossed to B73 and B104 had slopes approaching 
zero (Fig. 1 - 2). 
Genetic parameters 
Melchinger' s ( 1987) Model 1 provides the expectations for a trait not affected by 
epistasis. When grain yield testcross data was evaluated under Model 1, all main effects 
[mr] were significant (P :S 0.05). Variation for significant additive effects [dr] was 
observed among testers. B97 and Bl 12 testcrosses had eight and nine testcross progeny sets, 
respectively, with significant additive effects that indicated observable differences among 
generation means (Tables 3 -4). The testcross progeny sets were significant for the same 
hybrids between each tester except for (B14A x B37) in which additive effects were detected 
when crossed to B97 but not when crossed to Bl 12. The one testcross progeny set without 
significant additive effects under either tester was the (B73 x B84) hybrid. B73 and B 104 
testcrosses had noticeably fewer testcross progeny sets with significant additive effects 
(Tables 1 - 2). Six B73 testcross progeny sets had significant additive effects. The additive 
effects were not significant for the four remaining B73 testcross progeny sets (B90 x B91; 
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B90 x B97; B91 x B95; and B97 x B99). The B104 testcrosses were unique because nine out 
of 10 additive effects were not significant. Therefore, the parents cannot be distinguished 
based on their performance when crossed to B104. This further reinforces our theory that the 
parents are so highly related that genetic differences in grain yield cannot be detected. Only 
one testcross progeny set (B91 x B97) had a measurable additive effect when crossed to 
B104. This testcross progeny set also had a significant additive effect when crossed to B73. 
Instances of significant additive effects corresponded almost exactly with occurrences of 
significant differences between P1 and P2. The only exception to this trend was the (B14A x 
B37)*Bl 12 testcross progeny set where the additive effect was significant, but the parents 
were not different. 
Melchinger's (1987) Model 2 includes an epistatic term [l] in addition to the main 
effect and additive effect terms included in Model 1. This term is a measure of unlinked 
additive-by-additive epistasis. Only one testcross progeny set ((B90 x B95)*B104) had a 
significant (P :S 0.05) epistatic component (0.37 ± 0.18) (Table 2). This set was unusual 
because its additive effect was not significant. A non-significant additive effect implied there 
were no differences among the generation means for that set. However, there was an 
observable difference between P and the F2 for this set. This means that a significant 
difference between the average of the parents and the F2 could be an indication of epistasis. 
Evidence for this was seen as an almost perfect parabola was formed when the parental 
means were approximately the same and the F2 differed from them (Fig. 2). 
The overall epistatic effect [/]maybe positive or negative depending on both the 
linkage phase [ 0ik] and whether epistasis [i~] is complementary or duplicate (Melchinger, 
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1987). In the (B90 x B95)*B 104 testcross, the significant epistatic effect was positive (Table 
2; shown as the solid line in Fig. 2). The majority ofB104 testcrosses (seven out of 10 
testcross progeny sets) gave positive non-significant epistatic effects. This was in contrast to 
the B73, B97, and Bl 12 testcrosses. These crosses yielded a majority of negative (seven, 
seven, and nine, respectively) non-significant epistatic effects for grain yield (Tables 1, 3 -
4). 
Relationship between generation means and genetic parameters 
Without epistasis, testcross performance is expected to be a linear function of the 
additive effect [dr] that is based on the percent parental germplasm in a given generation 
(Melchinger, 1987). Based on Melchinger's (1987) Model 2, epistasis in a system turns this 
relationship into a quadratic function depending on the sign of the epistatic interaction, the 
type of linkage present, and the size of the additive effect. Solving Model 2 for the 
generation-dependent coefficient (x) allows for an estimate of epistasis based on testcross 
performance. Therefore, comparing the F2 to the parental mean (P) gives an approximation 
of the epistatic effect, and comparing the F2 to the backcross mean (BC) approximates one-
fourth the epistatic effect. 
In the (B90 x B95)*B104 testcross mentioned earlier, there was a difference between 
P and the F2 generation. This difference matched with the occurrence of a significant 
epistatic effect. There were no significant differences when comparing BC and the F 2 
generation. 
Before making further comparisons, we must consider the relationship between the F 1 
and the F2. The F 1 and F2 have the same gametic array when considering the population as a 
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whole. Therefore, these generations ideally have the same mean values in the presence of net 
epistasis and no linkage (Melchinger, 1987). Almost all testcross means for grain yield 
reflected this property (Tables 1 - 4). When the FI and F2 testcross means did differ and 
there was a nonsignificant epistatic effect, the observed differences in means were probably 
due to linked epistatic effects (Melchinger, 1987). The effect was still epistatic because most 
likely there has been a canceling of epistatic effects resulting in a nonsignificant effect. 
There were four instances where the F1 and F2 testcross means differed ((B91 x B99)*B104; 
(B97 x B99)*B104; (B14A x B84)*B97; and (B14A x B73)*B112), and these sets did not 
have significant epistatic effects (Tables 2 - 4). So, in addition to the one instance of 
unlinked epistatic effects ((B90 x B95)*B104), we have detected four more cases for linked 
epistatic effects. 
Given the original experimental test of the epistatic model (Melchinger et al., 1988) 
and a subsequent study (Lamkey et al., 1995) were evaluated without the F1, we removed it 
from our data set to determine whether inclusion of this generation may have affected our 
ability to detect significant genetic parameters. Removing the FI did not alter our findings 
for genetic effects on grain yield. Those effects that were significant remained so and those 
that were not likewise remained nonsignificant. 
Model fit statistics 
How well do the additive effect and additive-by-additive epistatic effect explain the 
variation in a testcross progeny set? In general, the epistatic component of Model 2 
increased the amount of variation (R2) that was explained compared to a model without 
epistasis. Although epistatic effects per se were rarely significant for grain yield, in certain 
crosses, including epistasis explained a substantial amount of the variation among generation 
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means. For example, the epistatic model explained more than 50% of the variation among 
generations for both (B90 x B97)*B104 (Table 2) and (B14A x B37)*B97 (Table 3), but the 
non-epistatic model explained less than 8% of the variation. For the (B90 x B95)*B104 
testcross progeny set (Table 2), Model 1 explained only 15% of the variation while Model 2 
explained over 67% of the variation. The increase in variation explained by Model 2 for this 
testcross progeny set coincided with the presence of epistasis. Model 1 and Model 2 were 
least suited to explain the variation observed among non-BSSS lines testcrossed to B104 
(Table 2). For Model 1 of B 104 testcrosses, sums of squares accounted for up to 67% of the 
variation. In Model 2, a maximum of 85% of the variation was explained. This was in 
contrast to Model 1 for other testers that accounted for at least 96% of the variation (B73 
testcrosses; Table 1) and Model 2 at least 99% of the variation (Bl 12 testcrosses; Table 4). 
The group of crosses ofBSSS lines to non-BSSS testers (B97 and Bl 12) provided the best fit 
to the epistatic model as they explained a higher amount of variation (R2) than did B73 and 
B 104 testcrosses. 
The initial field evaluation of Melchinger's theoretical models using European dent 
maize lines detected significant epistatic effects for five out of six traits, even while Model 1 
often explained a majority of the observed variation (Melchinger et al., 1988). Therefore, 
even though epistasis was significant, Melchinger et al. (1988) concluded that it was 
generally of minor importance for the materials and environments in which the experiment 
was conducted. 
A significant Chi-square (x2) goodness-of-fit test is reflective of a lack of fit between 
predicted values from the models and the observed data. There is a low probability that by 
chance alone we would obtain the deviations observed (Hartl and Clark, 1997). The x2 
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goodness-of-fit test for grain yield was ·significant for two crosses, (B90 x B95)*B73 (Table 
1) and (B14A x B84)*B97 (Table 3) indicating that we have little confidence in the validity 
of Model 1 or Model 2 for these testcross progeny sets. The R 2 values reflect this, as they 
were also smaller (39% and 87%, respectively, for Model 2) relative to when the hybrid 
progeny sets were testcrossed to either B104 or B112 (Table 2, 4). A significant i test under 
Model 1 indicates that additive effects were not the sole source of variation among 
generation means (Lamkey et al., 1995). A significant i test under Model 2 indicates that 
variation within a testcross progeny set is not adequately explained by the additive-by-
additive epistatic effect. The remaining i tests were non-significant for both models 
indicating that Model 1 was adequate in explaining the variation present. The i test 
remained non-significant for both models even in cases where the R2 value indicated Model 2 
explained more than twice the variation observed in Model 1 (e.g. (B90 x B95)*B104; (B90 
x B97)*B104; (B14A x B37)*B97; etc.). 
In analyses without the F1, the iwas no longer significant for Model 2 of the (B14A 
x B84)*B97 cross. The Model 1 i test showed a lack of fit while adding the epistatic 
component conferred a non-significant i. This outcome indicated Model 2 was more 
appropriate to explain the variation present when the F 1 was not considered. 
One prominent exception in the group of B97 and B112 testcrosses involved (B73 x 
B84 ), the parental lines studied by Lamkey et al. (1995). This cross had the highest overall 
average yield (Tables 3 - 4), yet these generation means accounted for the least amount of 
variance explained by Model 2 across both B97 and B112 testers (42% and 54%, 
respectively). When studied by Lamkey et al. (1995), this cross was evaluated with the 
Mo 17 tester and Model 2 explained 69% of the variation among the generation means. 
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Evidence for a tester effect was apparent when comparing the genetic effects obtained from 
the two studies. The Mo 17 testcross gave evidence for a classic case of epistasis. The 
additive effect indicated a distinction among generation means, and unlinked epistasis was 
detected. In addition, the parents significantly outyielded the backcross and F2 generations. 
For the B97 and Bl 12 testcrosses, the values for generation means did not differ, there was 
no significant epistatic effect, and the parent means overlapped those of the backcross and F2 
generations. This is strong evidence that detection of epistasis appears to be tester dependent 
(Eta-Ndu and Openshaw, 1999). 
Implications for Statistical Modeling of Epistasis 
The reported experimental design allows for performance comparisons among several 
lines and their progeny in relation to each other, in combination with different testers, and 
across heterotic groups. Because of these factors, we have been able to make broader 
statements regarding epistasis than earlier studies. 
Analysis of 40 testcross progeny sets indicated that epistatic effects especially for 
grain yield were not as prevalent as expected based on previous reports using Melchinger' s 
( 1987) testcross generation means models. The results of this study were contrary to our 
initial expectations. Earlier research suggested that epistasis would be common in testcrosses 
involving a cross between two related parents (Lamkey et al., 1995). However, in our study 
the epistatic effect was rarely significant and was frequently negative (Tables 1 - 4). The 
large R2 values for Model 1 combined with the infrequent detection of epistasis suggested a 
minor role for epistasis. However, these results could also indicate the inadequacy of this 
model for detecting epistasis based on generation means. 
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The graphical representations of Model 1 and Model 2 show the observed testcross 
means frequently deviating from the proposed linear model (Fig. 1 - 4). This indicates that 
more than additive effects are responsible for determining yield in progeny generations. The 
means comparison should follow the order: P > BC > F2 or P < BC < F2 if positive or 
negative epistasis, respectively, is present. This general trend is observed in some testcross 
progeny sets (e.g. (B90 x B99)*B73; (B90 x B95)*B104; (B73 x B94)*B97; (B14A x 
B84)*Bl 12; (B37 x B73)*Bl 12), but the differences are not significant enough to be 
detected by the testcross generation means analysis. Although statistical analysis deems 
Model 1 appropriate, graphical representation of the data would suggest otherwise. A linear 
model based solely on additive effects does not appear adequate to describe the variation 
observed among generation means. 
Our low frequency for detecting epistasis does not mean epistasis is not present. 
Model 1 best explained the variation in our data. However, a better fit to a linear model also 
may indicate no net epistatic effects because presence of both positive and negative epistatic 
effects could cancel out and produce a linear response (Hallauer and Miranda, 1988). Failure 
of our epistatic model could also indicate higher order linked or unlinked epistatic 
interactions ( e.g. trigenic epistasis) (Mather and Jinks, 1977) or an unmeasurable 
confounding of epistatic effects within the additive effects measure (Cheverud and Routman, 
1995). Also, when means are pooled over environments, Martin and Hallauer (1976) 
observed that previously epistatic trends tended to become more linear and the number of 
crosses showing epistatic effects decreased. 
The genetics of a trait cannot be definitively characterized because they depend on 
the genetic material, test system, and environmental conditions studied (Goldringer et al., 
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1997). This is evident throughout our study as detection of epistasis and the amount of 
change in generation means varied depending on the tester and parental lines evaluated. The 
dissimilarity in genotypes and environments was most likely a strong cause for our varying 
ability to detect epistasis. Testers used in epistatic studies have a large impact as differences 
observed when crossing similar lines to different testers are due to the loci at which those 
testers differ (Melchinger, 1987; Upadhyaya and Nigam, 1998). Choice of parental material 
is important (Sprague et al., 1962) as well as the entry x environment combinations studied 
(Ceballos et al., 1998). This is evidenced when comparing the results from (B73 x B84) in 
our study to those obtained in the study by Lamkey et al. (1995). This hybrid cross was 
evaluated under the same model, but with three different testers over different environments. 
The epistatic effect for grain yield was significant only when crossed to the Mol 7 tester. 
Lamkey et al. (1995) accurately chose the right parental lines and crossed them to a tester 
that allowed maximum expression of the genetic differences between progeny generations to 
obtain a detectable level of epistatic effect. 
The strength of our approach was our ability to make multiple tests of the testcross 
generation means model. The wide scope of this study allowed us to make inferences 
concerning the effects of several testers and a large number of hybrids together in the same 
experiment. We have not found the results we were expecting, but we were able to provide a 
broader view of the utility of this model. An enhancement to our study would be to 
incorporate lines selected expressly for specific combining ability and determine whether we 
can detect epistasis using that material. Such lines for evaluation could be the parent lines 
used in commercial maize hybrids. Testing these lines would allow for a direct measure of 
epistasis and its effect on commercial hybrids. 
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Epistatic effects may not be of measurable importance to all maize hybrids; however, 
they do have dramatic effects on specific crosses (e.g. the well-documented performance of 
B73 and Mo 17 crosses, Lamkey et al., 1995). As shown in our study, the performance of 
certain crosses was better explained under an epistatic model. Non-additive effects may 
seem to be small on average, but biological significance could be substantial. We know 
epistasis has a role in phenotype expression (Coe et al., 1988; Avery and Wasserman, 1992), 
but an appropriate test to estimate it accurately is elusive. Thus recognizing the inadequacy 
of current statistical models for estimating epistasis, some suggest "it is time to move on" to 
approaches where genotypes are known (Templeton, 2000). Results of marker-assisted 
studies of quantitative traits clearly show that epistasis plays a role in their inheritance (Yu et 
al., 1997), as well as in plant growth and development (Li et al., 1997). Approaches like 
these involve actively searching for epistasis, rather than it being what is left over after all 
other factors (e.g. additive and dominance effects) have been accounted for (Templeton, 
2000). Given that epistasis plays a role in the expression of many traits, it should be 
considered in breeding strategies. Those unique crosses whose performance is not predicted 
by parental means may have the largest impact on a breeding program. Changes in breeding 
strategy would be required to find these crosses of rare yet potentially high value. A 
breeding scheme would have to allow for evaluating more crosses and selecting in later 
generations of selfing to obtain favorable epistatic complexes (Upadhyaya and Nigam, 1998). 
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Table I. Testcross grain yields evaluated over 10 environments for the B73 testcross progeny sets. Testcross means with 
standard errors for P1, BCP1, F1, F2, BCP2, and P2 generations were fitted to Model 1 and Model 2 to calculate genetic 
effects and their respective standard errors. 
Grain yield 
B90 x B91t B90 x B95 B90 x B97 B90 x B99 B91 x B95 B91 x B97 B91 x B99 B95 x B97 B95 x B99 B97 x B99 
Mgha-1 
Testcross means 
P1 7.85 ± 0.13 7.85 ± 0.13 7.85 ± 0.13 7.85 ±0.13 7.62 ± 0.13 7.62 ± 0.13 7.62 ± 0.13 7.34 ± 0.13 7.34 ± 0.13 8.12 ± 0.13 
BCP1 7.69 ± 0.27 7.55 ± 0.27 8.11 ± 0.27 7.73 ± 0.27 7.97 ± 0.27 7.92 ± 0.27 7.65 ± 0.27 7.73 ± 0.27 7.38 ± 0.27 8.18 ± 0.27 
F1 7.92 ± 0.27 7.96 ± 0.27 8.12 ± 0.27 7.94 ± 0.27 7.87 ± 0.27 8.38 ± 0.27 7.87 ± 0.27 7.84 ± 0.27 8.06 ± 0.27 8.41 ± 0.27 
F2 7.63 ± 0.27 7.40 ± 0.27 8.00 ± 0.27 7.78 ± 0.27 7.62 ± 0.27 7.72 ± 0.27 7.83 ± 0.27 7.66 ± 0.27 7.41 ± 0.27 8.19 ± 0.27 
BCP2 7.81 ± 0.27 8.23 ± 0.27 8.35 ± 0.27 8.19 ± 0.27 7.56 ± 0.27 8.61 ± 0.27 8.03 ± 0.27 7.97 ± 0.27 7.94 ± 0.27 8.26 ± 0.27 
P2 7.62 ± 0.13 7.34±0.13 8.12 ± 0.13 8.32 ± 0.13 7.34 ± 0.13 8.12 ± 0.13 8.32 ± 0.13 8.12 ± 0.13 8.32 ± 0.13 8.32 ± 0.13 
Genetic effects! 
Model 1: 
mr 7.74 ± 0.08 7.66 ± 0.08 8.04 ± 0.08 8.03 ± 0.08 7.57 ± 0.08 7.97 ± 0.08 7.93 ± 0.08 7.75 ± 0.08 7.79 ± 0.08 8.24 ± 0.08 O'I 0 
dr 0.10 ± 0.09 0.20 ± 0.09 -0.14 ± 0.09 -0.25 ± 0.09 0.16 ± 0.09 -0.28 ± 0.09 -0.35 ± 0.09 -0.38 ± 0.09 -0.50 ± 0.09 -0.10 ± 0.09 
x2(4) 1.00 10.02* 1.54 1.80 3.82 8.09 0.60 0.71 3.74 0.49 
R2 55.0% 32.4% 61.6% 80.7% 43.2% 53.4% 96.1% 96.1% 88.7% 70.6% 
Model 2: 
mr 7.77 ± 0.15 7.79±0.15 8.15 ± 0.15 7.88 ± 0.15 7.79 ± 0.15 8.17 ± 0.15 7.83 ± 0.15 7.80 ± 0.15 7.69 ± 0.15 8.27 ± 0.15 
dr 0.10 ± 0.09 0.20 ± 0.09 -0.14 ± 0.09 -0.25 ± 0.09 0.16 ± 0.09 -0.28 ± 0.09 -0.35 ± 0.09 -0.38 ± 0.09 -0.50 ± 0.09 -0.10 ± 0.09 
i1 -0.04 ± 0.18 -0.19 ± 0.18 -0.16 ± 0.18 0.21 ± 0.18 -0.31 ± 0.18 -0.29 ± 0.18 0.14 ± 0.18 -0.07 ± 0.18 0.14 ± 0.18 -0.05 ± 0.18 
x2 (3) 0.96 8.96* 0.81 0.54 1.06 5.54 0.04 0.58 3.18 0.41 
R2 56.8% 39.5% 79.9% 94.2% 84.3% 68.1% 99.7% 96.8% 90.4% 75.3% 
* ,** Significant at the 0.05 and 0.01 probability levels, respectively. 
t B73 testcross progeny sets are in the form: P1 x P2. 
t For definition of genetic effects, see Statistical analysis in Materials and Methods. 
NA Data not available. 
Table 2. Testcross grain yields evaluated over 10 environments for the B104 testcross progeny sets. Testcross means with 
standard errors for Pi, BCP1, F1, F2, BCP2, and P2 generations were fitted to Model 1 and Model 2 to calculate genetic 
effects and their respective standard errors. 
Grain yield 
890 x 89lt 890x 895 890 X 897 890 X 899 891 X 895 891 X 897 891 X 899 895 X 897 895 X 899 897 X 899 
Mgha- 1 
Testcross means 
P1 7.67 ± 0.13 7.67 ± 0.13 7.67 ± 0.13 7.67 ± 0.13 7.34 ± 0.13 7.34 ± 0.13 7.34 ± 0.13 7.44 ± 0.13 7.44 ± 0.13 7.72 ± 0.13 
8CP 1 7.51 ± 0.27 7.25 ± 0.27 7.48 ± 0.27 7.59 ± 0.27 7.59 ± 0.27 7.75 ± 0.27 7.54 ± 0.27 7.30 ± 0.27 6.98 ± 0.27 7.69 ± 0.27 
F1 7.80 ± 0.27 7.40 ± 0.27 7.42 ± 0.27 7.39 ± 0.27 7.33 ± 0.27 7.51 ± 0.27 7.73 ± 0.27 7.32 ± 0.27 7.49 ± 0.27 7.28 ± 0.27 
F2 7.75 ± 0.27 6.88 ± 0.27 7.73 ± 0.27 7.20 ± 0.27 7.41 ± 0.27 7.78 ± 0.27 6.95 ± 0.27 7.44 ± 0.27 7.54 ± 0.27 8.08 ± 0.27 
8CP2 7.41 ± 0.27 7.41 ± 0.27 7.56 ± 0.27 7.80 ± 0.27 7.29 ± 0.27 7.88 ± 0.27 7.26 ± 0.27 7.71 ± 0.27 7.57 ± 0.27 7.25 ± 0.27 
P2 7.34 ± 0.13 7.44 ± 0.13 7.72 ± 0.13 7.52 ± 0.13 7.44 ± 0.13 7.72 ± 0.13 7.52 ± 0.13 7.72 ± 0.13 7.52 ± 0.13 7.52 ± 0.13 
Genetic effectst 
Model I: 
m1 7.54 ± 0.08 7.45 ± 0.08 7.65 ± 0.08 7.56 ± 0.08 7.39 ± 0.08 7.60 ± 0.08 7.41 ± 0.08 7.53 ± 0.08 7.45 ± 0.08 7.61 ± 0.08 0\ ...... 
d1 0.16 ± 0.09 0.10 ± 0.09 -0.03 ± 0.09 0.05 ± 0.09 -0.03 ± 0.09 -0.19 ± 0.09 -0.07 ± 0.09 -0.16 ± 0.09 -0.08 ± 0.09 0.12 ± 0.09 
x2(4) 1.95 6.64 1.54 3.40 0.93 2.45 5.39 1.49 3.07 5.98 
R2 61.1% 15.0% 7.3% 9.5% 9.3% 63.6% 10.0% 67.2% 18.3% 22.4% 
Model 2: 
m1 7.66 ± 0.15 7.18 ± 0.15 7.53 ± 0.15 7.45 ± 0.15 7.40 ± 0.15 7.74 ± 0.15 7.36 ± 0.15 7.42 ± 0.15 7.41 ± 0.15 7.59 ± 0.15 
d1 0.16 ± 0.09 0.10 ± 0.09 -0.03 ± 0.09 0.05 ± 0.09 -0.03 ± 0.09 -0.19 ± 0.09 -0.07 ± 0.09 -0.16 ± 0.09 -0.08 ± 0.09 0.12 ± 0.09 
i1 -0.17 ± 0.18 0.37 ± 0.18 0.16 ± 0.18 0.16 ± 0.18 -0.01 ± 0.18 -0.20 ± 0.18 0.07 ± 0.18 0.17 ± 0.18 0.06 ± 0.18 0.03 ± 0.18 
x2(3) 1.13 2.54 0.82 2.67 0.93 1.24 5.23 0.67 2.95 5.96 
R2 77.5% 67.5% 50.5% 29.0% 9.7% 81.5% 12.7% 85.2% 21.6% 22.7% 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
t B104 testcross progeny sets are in the form: P1 x P2. 
t For definition of genetic effects, see Statistical analysis in Materials and Methods. 
NA Data not available. 
Table 3. Testcross grain yields evaluated over 10 environments for the B97 testcross progeny sets. Testcross means with 
standard errors for P 1, BCP 1, F 1, F 2, BCP 2, and P 2 generations were fitted to Model 1 and Model 2 to calculate genetic 
effects and their respective standard errors. 
Grain yield 
B14A x B37t B14A x B73 B14A x B84 B14A x B94 B37 x B73 B37 x B84 B37 x B94 B73 x B84 B73 x B94 B84 x B94 
Mg ha·1 
Testcross means 
P1 6.13 ± 0.15 6.13 ± 0.15 6.13 ± 0.15 6.13 ± 0.15 6.19 ± 0.13 6.19 ± 0.13 6.19 ± 0.13 8.00 ± 0.13 8.00 ± 0.13 7.93 ± 0.13 
BCP1 6.79 ± 0.27 6.49 ± 0.27 6.95 ± 0.27 6.66 ± 0.27 6.84 ± 0.27 NA 6.92 ± 0.27 8.34 ± 0.27 7.58 ± 0.27 7.65 ± 0.27 
F 1 6.36 ± 0.27 7.30 ± 0.27 7.80 ± 0.27 6.79 ± 0.27 7.24 ± 0.27 7.27 ± 0.27 6.86 ± 0.27 7.99 ± 0.27 7.75 ± 0.27 7.71 ± 0.27 
F2 6.50 ± 0.27 7.17 ± 0.27 6.70 ± 0.27 7.11 ± 0.27 7.48 ± 0.27 7.22 ± 0.27 6.75 ± 0.27 8.02 ± 0.27 7.26 ± 0.27 7.82 ± 0.27 
BCP2 6.28 ± 0.27 7.72 ± 0.27 7.37 ± 0.27 6.97 ± 0.27 7.58 ± 0.27 7.48 ± 0.27 6.94 ± 0.27 8.06 ± 0.27 7.25 ± 0.27 7.40 ± 0.27 
P2 6.19 ± 0.13 8.00 ± 0.13 7.93 ± 0.13 7.15 ± 0.13 8.00 ± 0.13 7.93 ± 0.13 7.15 ± 0.13 7.93 ± 0.13 7.15 ± 0.13 7.15 ± 0.13 
Genetic effectst 
Model 1: 
m T 6.28 ± 0.08 7.10 ± 0.08 7.09 ± 0.08 6.73 ± 0.08 7.16 ± 0.08 7.09 ± 0.08 6.74 ± 0.08 8.01 ± 0.08 7.54 ± 0.08 7.57 ± 0.08 O'\ N 
dT 0.02 ± 0.10 -0.95 ± 0.10 -0.86 ± 0.10 -0.49 ± 0. IO -0.90 ± 0.09 -0.87 ± 0.09 -0.46 ± 0.09 0.05 ± 0.09 0.42 ± 0.09 0.38 ± 0.09 
x,2(4) 5.88 1.35 11.23 * 3.31 2.30 0.86 3.21 1.67 2.37 1.44 
R2 1.0% 98.6% 87.3% 88.2% 97.7% 99.0% 88.6% 16.1% 89.8% 92.2% 
Model 2: 
mT 6.51 ± 0.15 7.19 ± 0.15 7.23 ± 0.15 6.92 ± 0.15 7.32 ± 0.15 7.20±0.17 6.88 ± 0.15 8.10 ± 0.15 7.45 ± 0.15 7.68 ± 0.15 
dT 0.01 ± 0.10 -0.96 ± 0.10 -0.87 ± 0.10 -0.50 ± 0.10 -0.90 ± 0.09 -0.86 ± 0.09 -0.46 ± 0.09 0.05 ± 0.09 0.42 ± 0.09 0.38 ± 0.09 
/ -0.34 ± 0.19 -0.14 ± 0.19 -0.20 ± 0.19 -0.28 ± 0.19 -0.23 ± 0.18 -0.15 ± 0.19 -0.21 ± 0.18 -0.13 ± 0.18 0.12 ± 0.18 -0.15 ± 0.18 
x2 (3) 2.57 0.82 10.05* 1.05 0.71 0.27 1.96 1.15 1.96 0.81 
R2 56.6% 99.2% 88.6% 96.3% 99.3% 99.7% 93.0% 42.1% 91.6% 95.6% 
*, * * Significant at the 0.05 and 0.01 probability levels, respectively. 
t B97 testcross progeny sets are in the form: P1 x P2. 
t For definition of genetic effects, see Statistical analysis in Materials and Methods. 
NA Data not available. 
Table 4. Testcross grain yields evaluated over 10 environments for the B112 testcross progeny sets. Testcross means with 
standard errors for P1, BCP1, F1, F2, BCP2, and P2 generations were fitted to Model 1 and Model 2 to calculate genetic 
effects and their respective standard errors. 
Grain yield 
B14A x B37t B14A x B73 B14A x B84 B14A x 894 B37 x 873 837 x B84 B37 x B94 873 x B84 B73 x 894 B84 x B94 
Mgha-1 
T estcross means 
P1 6.58 ± 0.13 6.58 ± 0.13 6.58 ± 0.13 6.58 ± 0.13 6.22 ± 0.13 6.22 ± 0.13 6.22 ± 0.13 7.51 ± 0.13 7.51 ± 0.13 7.79 ± 0.13 
8CP 1 6.48 ± 0.27 7.12 ± 0.27 6.95 ± 0.27 6.62 ± 0.27 6.66 ± 0.27 NA 6.66 ± 0.27 7.73 ± 0.27 7.08 ± 0.27 7.20 ± 0.27 
F 1 6.27 ± 0.27 7.49 ± 0.27 7.10 ± 0.27 6.40 ± 0.27 7.20 ± 0.27 7.10 ± 0.27 6.24 ± 0.27 7.67 ± 0.27 6.74 ± 0.27 6.82 ± 0.27 
F2 6.31 ± 0.27 6.71 ± 0.27 7.44 ± 0.27 6.24 ± 0.27 7.28 ± 0.27 7.03 ± 0.27 5.94 ± 0.27 7.99 ± 0.27 6.88 ± 0.27 6.86 ± 0.27 
BCP2 6.20 ± 0.27 7.12 ± 0.27 7.66 ± 0.27 6.12 ± 0.27 7.34 ± 0.27 7.18 ± 0.27 5.94 ± 0.27 7.55 ± 0.27 6.05 ± 0.27 5.74 ± 0.27 
P2 6.22 ± 0.13 7.51 ± 0.13 7.79 ± 0.13 5.83 ± 0.13 7.51 ± 0.13 7.79 ± 0.13 5.83 ± 0.13 7.79 ± 0.13 5.83 ± 0.13 5.83 ± 0.13 
Genetic effectst 
Model 1: 
IDT 6.37 ± 0.08 7.07 ± 0.08 7.22 ± 0.08 6.25 ± 0.08 6.95 ± 0.08 7.00 ± 0.08 6.08 ± 0.08 7.68 ± 0.08 6.68 ± 0.08 6.76 ± 0.08 0\ w 
dT 0.19 ± 0.09 -0.44 ± 0.09 -0.61 ± 0.09 0.38 ± 0.09 -0.65 ± 0.09 -0.77 ± 0.09 0.23 ± 0.09 -0.12 ± 0.09 0.85 ± 0.09 1.01 ± 0.09 
x2(4) 0.40 5.87 1.30 1.04 3.26 0.76 4.14 2.17 1.23 4.36 
R2 91.2% 79.6% 97.2% 94.4% 93.9% 98.9% 59.8% 43.8% 98.6% 96.5% 
Model 2: 
IDT 6.30 ± 0.15 7.12±0.15 7.30 ± 0.15 6.36 ± 0.15 7.17 ± 0.15 6.99 ± 0.17 6.20 ± 0.15 7.76 ± 0.15 6.71 ±0.15 6.67 ± 0.15 
d T 0.19 ± 0.09 -0.44 ± 0.09 -0.61 ± 0.09 0.38 ± 0.09 -0.65 ± 0.09 -0.77 ± 0.09 0.23 ± 0.09 -0.12 ± 0.09 0.85 ± 0.09 1.01 ± 0.09 
? 0.10 ± 0.18 -0.07 ± 0.18 -0.11 ± 0.18 -0.15 ± 0.18 -0.31 ± 0.18 0.01 ± 0.19 -0.16 ± 0.18 -0.12 ± 0.18 -0.05 ± 0.18 0.13 ± 0.18 
x2 (3) 0.09 5.74 0.95 0.39 0.44 0.76 3.36 1.76 1.16 3.89 
R2 98.1% 80.1% 97.9% 97.9% 99.2% 98.9% 67.4% 54.3% 98.7% 96.9% 
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
t B 112 testcross progeny sets are in the form: P 1 x P 2. 
t For definition of genetic effects, see Statistical analysis in Materials and Methods. 
NA Data not available. 
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CHAPTER 4. GENERAL CONCLUSIONS 
General Discussion 
A generation means analysis modified by Melchinger (1987) was used to analyze 
testcross generation means and estimate the effects of epistasis on grain yield and moisture, 
root and stalk lodging, plant and ear height, and silking date in elite maize hybrids. Although 
the effects of digenic epistasis on grain yield were not detected as frequently as expected, 
several important observations have resulted from this study. 
Our genetic materials included 40 testcross progeny sets that spanned both the BSSS 
and non-BSSS heterotic groups with two testers for each group. We evaluated these 
materials over 10 different environments, which allowed us to obtain a decent measure of 
their performance. Our experimental setup therefore gives us the ability to compare 
performance based on testers and heterotic groups over many environments. Since we 
collected a large amount of data, our conclusions have a broader range than previous studies 
can claim. 
Our findings suggest that relatedness of parental material and the tester used for 
evaluation have a definite impact on detection of epistasis using Melchinger's (1987) 
testcross generation means models. We were unable to detect significant differences among 
generations of testcross progeny sets of our non-BSSS hybrids. After further analysis, we 
discovered that the parents of our non-BSSS hybrids did not perform significantly different 
from each other in three-year averages of state yield trials. In contrast, generation means 
were frequently different among hybrid progeny sets of the BSSS parental lines. 
The testers used also impacted the performance oftestcross progeny sets. Our results 
showed that B73 testcrosses tended to out perform other testcrosses, while B112 testcrosses 
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were the lowest yielding. B97 and Bl 12 testcrosses performed approximately the same in 
identifying significant additive effects. There seemed to be a difference in the ability of B73 
and B 104 testcrosses to detect differences among generation means of testcross progeny sets. 
The majority ofB73 testcrosses showed significant additive effects while B104 testcrosses 
did not. This could be because B73 has shown high levels of specific combining ability with 
certain lines and overall very good general combining ability with most lines. In contrast, 
B104 is believed to be marginal for both measures of combining ability. B73's general 
combining ability allows it to function well in most hybrid combinations. Thus it allows for 
the maximum performance and subsequent segregation among generations of testcross 
progeny sets. 
These combinations of parental means and testers resulted in detection of five 
significant epistatic effects-four linked and one unlinked interaction-for grain yield. This 
represents 12.5% of the testcross progeny sets we evaluated. So, a relatively low percent of 
measurable epistasis was found in our study despite our knowledge to the contrary. For 
example, the anthocyanin pathway in maize has been studied and physiological interactions 
are known to have a role in phenotype expression (Coe et al., 1988; Avery and Wasserman, 
1992). Genes are known to function epistatically with other genes to produce variable 
phenotypes. However this interaction effect can be difficult to measure statistically for 
quantitative traits. Researchers analyzing the contributions of epistasis to the evolutionary 
process face the same difficulty in quantifying epistasis (Fenster et al., 1997). Frankel and 
Schork (1996) have aptly noted, "where complex genetic traits loom, epistasis is not far 
behind," and with it, unfortunately, are complex statistical problems. 
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APPENDIX A 
MEANS 
72 
Table A 1. Entry list of genetic materials used in epistasis study. 
Entry Testcross progeny set Pedigree Generation 
I (B14A x B37) * Bl 12 B14A/Bl 12 Pl 
2 Bl4A/B37//B 14A/3/Bl 12 BCPI 
3 B14A/B37/2/B 112 Fl 
4 Bl4A/B37)-B/2/BI 12 F2 
5 B14A/B37//B37/3/BI 12 BCP2 
6 B37/Bl 12 P2 
7 (B14A x B73) * Bl 12 B14A/Bl 12 Pl 
8 B14A/B73//B14A/3/Bl 12 BCPI 
9 B14A/B73/2/Bl 12 Fl 
10 B14A/B73-B/2/Bl 12 F2 
11 B14A/B73//B73/3/Bl 12 BCP2 
12 B73/Bl 12 P2 
13 (B14A x B84) * Bl 12 B14A/Bl 12 Pl 
14 B14A/B84//B14A/3/Bl 12 BCPI 
15 Bl4A/B84/2/BI 12 Fl 
16 B14A/B84-B/2/Bl 12 F2 
17 Bl4A/B84//B84/3/Bl 12 BCP2 
18 B84/Bl 12 P2 
19 (B14A x B94) * Bl 12 B14A/Bl 12 Pl 
20 B14A/B94//B14A/3/Bl 12 BCPI 
21 B 14A/B94/2/B 112 Fl 
22 Bl4A/B94-B/2/BI 12 F2 
23 B14A/B94//B94/3/BI 12 BCP2 
24 B94/Bl 12 P2 
25 (B37 x B73) * Bl 12 B37/Bl 12 Pl 
26 B37/B73//B37/3/Bl 12 BCPI 
27 B37/B73/2/Bl 12 Fl 
28 B37/B73)-B/2/Bl 12 F2 
29 B37/B73//B73/3/BI 12 BCP2 
30 B73/BI 12 P2 
31 (B37 x B84) * Bl 12 B37/Bl 12 Pl 
32 B37/B84//B37/3/BI 12 BCPI 
33 B37/B84/2/Bl 12 Fl 
34 B37/B84)-B/2/BI 12 F2 
35 B37/B84//B84/3/BI 12 BCP2 
36 B84/Bl 12 P2 
37 (B37 x B94) * Bl 12 B37/Bl 12 Pl 
38 B37/B94//B37/3/Bl 12 BCPI 
39 B37/B94/2/Bl 12 Fl 
40 B37/B94)-B/2/Bl 12 F2 
41 B37/B94//B94/3/Bl 12 BCP2 
42 B94/BI 12 P2 
43 (B73 x B84) * Bl 12 B73/Bl 12 Pl 
44 B73/B84//B73/3/BI 12 BCPI 
45 B73/B84/2/BI 12 Fl 
46 B73/B84)-B/2/Bl 12 F2 
47 B73/B84/ /B84/3/B 112 BCP2 
48 B84/B112 P2 
49 (B73 x B94) * Bl 12 B73/BI 12 Pl 
50 B73/B94//B73/3/Bl 12 BCPI 
51 B73/B94/2/Bl 12 Fl 
52 B73/B94)-B/2/Bl 12 F2 
53 B73/B94//B94/3/BI 12 BCP2 
54 B94/Bl 12 P2 
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Table Al. (continued) 
Entry Testcross progeny set Pedigree Generation 
55 (B84 x B94) * B112 B84/8112 Pl 
56 B84/894//884/3/B 112 BCPI 
57 B84/894/2/Bl 12 Fl 
58 B84/894)-B/2/Bl 12 F2 
59 B84/894/ /B94/3/B 112 BCP2 
60 B94/8112 P2 
61 (B14A x B37) * B97 B14A/B97 Pl 
62 B 14A/B3 7 //Bl 4A/3/B97 BCPI 
63 B14A/B37/2/B97 Fl 
64 Bl 4A/B3 7)-B/2/897 F2 
65 B14A/B37//B37/3/B97 BCP2 
66 B37/897 P2 
67 (B14A x B73) * B97 B14A/B97 Pl 
68 B 14A/B73/ /B 14A/3/B97 BCPI 
69 B 14A/B73/2/B97 Fl 
70 B 14A/B73)-B/2/B97 F2 
71 B14A/B73//B73/3/B97 BCP2 
72 B73/897 P2 
73 (B14A x B84) * B97 B14A/B97 Pl 
74 B 14A/B84/ /B 14A/3/B97 BCPI 
75 B14A/B84/2/B97 Fl 
76 B14A/B84-B/2/B97 F2 
77 B 14A/B84/ /884/3/897 BCP2 
78 B84/897 P2 
79 (B14A x B94) * B97 B14A/B97 Pl 
80 B 14A/B94/ /B 14A/3/B97 BCPI 
81 B 14A/B94/2/B97 Fl 
82 B14A/B94-B/2/B97 F2 
83 Bl 4A/B94/ /894/3/897 BCP2 
84 B94/897 P2 
85 (B37 x B73) * B97 B37/897 Pl 
86 B3 7 /B73/ /B3 7 /3/897 BCPI 
87 B3 7 /B73/2/897 Fl 
88 B3 7 /873 )-B/2/897 F2 
89 B3 7 /873/ /B73/3/897 BCP2 
90 B73/897 P2 
91 (B37 x B84) * B97 B37/897 Pl 
92 B37/B84//B37/3/B97 BCPl 
93 B37/884/2/897 Fl 
94 B37/B84)-B/2/B97 F2 
95 B3 7 /884/ /884/3/897 BCP2 
96 B84/897 P2 
97 (B37 x B94) * B97 B37/897 Pl 
98 B37/B94//B37/3/B97 BCPl 
99 B37/894/2/897 Fl 
100 B3 7 /894 )-B/2/897 F2 
101 B3 7 /B94//B94/3/B97 BCP2 
102 B94/897 P2 
103 (B73 x B84) * B97 B73/897 Pl 
104 B73/B84//B73/3/B97 BCPI 
105 B73/B84/2/897 Fl 
106 B73/884)-B/2/897 F2 
107 B73/B84//B84/3/B97 BCP2 
108 B84/897 P2 
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Table Al. (continued) 
Entry Testcross progeny set Pedigree Generation 
109 (B73 x B94) * B97 B73/897 Pl 
110 B73/B94//B73/3/B97 BCPl 
111 B73/894/2/897 Fl 
112 B73/894 )-B/2/897 F2 
113 B73/B94//B94/3/B97 BCP2 
114 B94/897 P2 
115 (B84 x B94) * B97 B84/897 Pl 
116 B84/B94//B84/3/B97 BCPl 
117 B84/894/2/B97 Fl 
118 B84/894)-B/2/897 F2 
119 B84/B94//B94/3/B97 BCP2 
120 B94/897 P2 
121 (B90 x B91) * B104 B90/8104 Pl 
122 B90/B9 l/2/B90/3/B 104 BCPl 
123 B90/891 /2/B 104 Fl 
124 B90/891-B/2/B 104 F2 
125 B90/B91/2/B91/3/B104 BCP2 
126 B91/8104 P2 
127 (B90 x B95) * B104 B90/8104 Pl 
128 B90/895/2/890/3/B 104 BCPl 
129 B90/B95/2/8104 Fl 
130 B90/B95-B/2/Bl04 F2 
131 B90/B95/2/895/3/B 104 BCP2 
132 B95/8104 P2 
133 (B90 x B97) * B104 B90/8104 Pl 
134 B90/897 /2/890/3/B 104 BCPl 
135 B90/897 /2/B 104 Fl 
136 B90/B97-B/2/Bl04 F2 
137 B90/897 /2/897 /3/B l 04 BCP2 
138 B97/8104 P2 
139 (B90 x B99) * B104 B90/8104 Pl 
140 B90/899/2/890/3/B 104 BCPl 
141 B90/899/2/B 104 Fl 
142 B90/899-B/2/B 104 F2 
143 B90/899/2/899/3/B 104 BCP2 
144 B99/8104 P2 
145 (B91 x B95) * B104 B91/8104 Pl 
146 B91/895/2/891/3/B104 BCPl 
147 B91/895/2/B 104 Fl 
148 B91/B95-B/2/Bl04 F2 
149 B91/895/2/895/3/B 104 BCP2 
150 B95/8104 P2 
151 (B91 x B97) * B104 B91/8104 Pl 
152 B91/B97/2/B91/3/B 104 BCPl 
153 B91/B97/2/B104 Fl 
154 B91/897-B/2/B 104 F2 
155 B91/B97/2/B97/3/B104 BCP2 
156 B97/8104 P2 
157 (B91 x B99) * B104 B91/8104 Pl 
158 B91/B99/2/B91/3/B 104 BCPl 
159 B91/B99/2/Bl04 Fl 
160 B91/B99-B/2/B104 F2 
161 B91/899/2/899/3/B 104 BCP2 
162 B99/8104 P2 
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Table Al. (continued) 
Entry Testcross progeny set Pedigree Generation 
163 (B95 x B97) * B104 B95/B104 Pl 
164 B95/B97 /2/B95/3/B 104 BCPI 
165 B95/B97/2/B104 Fl 
166 B95/B97-B/2/B104 F2 
167 B95/897 /2/897 /3/B 104 BCP2 
168 B97/8104 P2 
169 (B95 x B99) * B104 B95/8104 Pl 
170 B95/B99/2/B95/3/B 104 BCPI 
171 B95/899/2/B 104 Fl 
172 B95/899-B/2/B 104 F2 
173 B95/B99/2/B99/3/B 104 BCP2 
174 B99/8104 P2 
175 (B97 x B99) * B 104 B97/8104 Pl 
176 B97 /B99/2/B97 /3/B 104 BCPI 
177 B97 /899/2/B 104 Fl 
178 B97 /899-B/2/B 104 F2 
179 B97 /B99/2/B99/3/B 104 BCP2 
180 B99/8104 P2 
181 (B90 x B91) * B73 B90/873 Pl 
182 B90/B9 l/2/B90/3/B73 BCPI 
183 B90/B91/2/B73 Fl 
184 B90/B9 l-B/2/B73 F2 
185 B90/891 /2/891 /3/B 73 BCP2 
186 B91/873 P2 
187 (B90 x B95) * B73 B90/873 Pl 
188 B90/B95/2/B90/3/B73 BCPI 
189 B90/B95/2/B73 Fl 
190 B90/B95-B/2/B73 F2 
191 B90/B95/2/B95/3/B73 BCP2 
192 B95/873 P2 
193 (B90 x B97) * B73 B90/873 Pl 
194 B90/B97 /2/B90/3/B73 BCPI 
195 B90/B97 /2/B73 Fl 
196 B90/B97-B/2/B73 F2 
197 B90/B97 /2/B97 /3/873 BCP2 
198 B97/873 P2 
199 (B90 x B99) * B73 B90/873 Pl 
200 B90/B99/2/B90/3/B73 BCPI 
201 B90/B99/2/B73 Fl 
202 B90/B99-B/2/B73 F2 
203 B90/B99/2/B99/3/B73 BCP2 
204 B99/873 P2 
205 (B91 x B95) * B73 B91/873 Pl 
206 B91/B95/2/B9 l/3/B73 BCPI 
207 B91/B95/2/B73 Fl 
208 B91/B95-B/2/B73 F2 
209 B91/B95/2/B95/3/B73 BCP2 
210 B95/873 P2 
211 (B91 x B97) * B73 B91/873 Pl 
212 B91/897 /2/B9 l/3/B73 BCPI 
213 B91/B97/2/B73 Fl 
214 B91/B97-B/2/B73 F2 
215 B91/B97 /2/B97 /3/873 BCP2 
216 B97/873 P2 
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Table Al. (continued) 
Entry Testcross progeny set Pedigree Generation 
217 (B91 x B99) * B73 B91/B73 Pl 
218 B9 l/B99/2/B9 l /3/B73 BCPl 
219 B91/B99/2/B73 Fl 
220 B9 l/B99-B/2/B73 F2 
221 B91 /B99/2/B99/3/B73 BCP2 
222 B99/B73 P2 
223 (B95 x B97) * B73 B95/B73 Pl 
224 B95/B97/2/B95/3/B73 BCPl 
225 B95/B97/2/B73 Fl 
226 B95/B97-B/2/B73 F2 
227 B95/B97 /2/B97 /3/B73 BCP2 
228 B97/B73 P2 
229 (B95 x B99) * B73 B95/B73 Pl 
230 B95/B99/2/B95/3/B73 BCPI 
231 B95/B99/2/B73 Fl 
232 B95/B99-B/2/B73 F2 
233 B95/B99/2/B99/3/B73 BCP2 
234 B99/B73 P2 
235 (B97 x B99) * B73 B97/B73 Pl 
236 B97 /B99/2/B97 /3/B73 BCPI 
237 B97/B99/2/B73 Fl 
238 B97/B99-B/2/B73 F2 
239 B97/B99/2/B99/3/B73 BCP2 
240 B99/B73 P2 
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Table A2. Phenotypic trait means adjusted for lattice effects and combined over all entries 
grown at Ames, Crawfordsville, Fairfield, Carroll, and Rippey, IA, in 1999 and 2000.t 
Grain Grain Root Stalk Plant Ear 
yield moisture lodging§ lodging# heighttt heighttt Silking date§§ 
Entryt (Mg ha-1) -I (g kg ) (%) (%) (cm) (cm) (days after planting) 
l 6.41 162 9.4 15.2 254 120 81 
2 6.48 167 1.5 23.2 245 115 80 
3 6.26 173 1.9 20.8 248 116 81 
4 6.32 173 5.1 21.9 245 115 80 
5 6.20 176 1.1 22.0 250 113 81 
6 6.08 177 1.5 19.3 245 115 81 
7 6.53 162 0.7 15.6 246 116 81 
8 7.11 168 1.1 19.2 249 121 80 
9 7.48 172 0.6 18.6 251 120 81 
10 6.71 173 1.3 26.4 255 120 80 
11 7.12 180 2.8 20.1 249 119 80 
12 7.38 187 1.2 20.2 257 123 80 
13 6.59 162 0.2 16.2 246 117 80 
14 6.95 168 1.2 23.3 250 117 80 
15 7.09 178 1.6 26.6 258 127 81 
16 7.44 177 0.9 26.2 255 125 80 
17 7.67 184 1.2 24.4 255 123 81 
18 7.60 195 3.3 24.5 261 129 81 
19 6.79 158 0.9 15.0 245 112 81 
20 6.62 169 0.4 16.9 241 114 81 
21 6.40 173 0.5 16.5 251 120 81 
22 6.24 178 0.2 16.8 249 118 82 
23 6.12 188 0.9 18.9 252 114 82 
24 5.57 188 6.2 13.6 248 114 83 
25 6.19 179 0.8 21.l 245 113 80 
26 6.66 183 5.5 17.7 253 118 81 
27 7.19 183 2.7 21.8 247 115 81 
28 7.28 187 3.6 21.3 257 119 80 
29 7.35 186 3.2 23.9 251 122 80 
30 7.35 189 2.9 23.0 254 121 80 
31 6.28 178 3.8 17.9 243 113 81 
32 
33 7.11 184 5.1 19.8 252 118 81 
34 7.03 190 3.6 22.8 255 124 81 
35 7.18 192 3.6 24.6 249 121 80 
36 7.84 194 0.7 22.9 258 122 81 
37 6.36 179 0.9 23.2 242 112 81 
38 6.65 185 1.2 18.7 250 121 82 
39 6.23 184 2.6 17.9 255 122 82 
40 5.95 181 1.0 16.6 246 118 82 
41 5.94 187 0.5 18.8 247 117 82 
42 6.61 191 6.0 8.8 251 115 83 
t When no value is given for a trait, it indicates data was not collected or was missing. 
t Entries 1-60 are BSSS parents hybridized to Bl 12, entries 61-120 are BSSS parents hybridized to 
B97, entries 121-180 are non-BSSS parents hybridized to B104, entries 181-240 are non-BSSS 
parents hybridized to B73 (see complete list in Table Al). 
§ Lodging percent= percent of plants per 2-row plot leaning > 30° from vertical at soil surface. 
# Lodging percent = percent of plants per 2-row plot with stalks broken at or below the primary ear. 
tt Height measured from soil surface to the terminal node (flag leaf). 
U Height measured from soil surface to node of the primary ear. 
§§ Days after planting when 50% of plants within a 2-row plot show silk emergence. 
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Table A2. ( continued) 
Grain Grain Root Stalk Plant Ear 
yield moisture lodging§ lodging# heighttt height!! Silking date§§ 
Entry! (Mg ha-1) (g kg-1) (%) (%) (cm) (cm) ( days after planting) 
43 7.51 187 0.4 21.6 254 121 80 
44 7.74 186 1.2 23.4 253 121 80 
45 7.67 189 4.2 26.2 255 126 80 
46 7.99 190 3.3 26.0 254 125 80 
47 7.55 190 1.1 24.1 256 125 81 
48 8.10 192 2.9 26.9 257 123 81 
49 7.79 184 0.2 22.8 252 123 80 
50 7.09 192 1.4 21.7 257 125 81 
51 6.74 190 0.4 16.8 253 121 81 
52 6.88 189 0.0 16.7 252 123 82 
53 6.05 191 1.5 18.3 257 123 83 
54 5.20 194 1.2 11.8 245 111 83 
55 7.60 195 2.6 23.8 261 125 81 
56 7.19 193 1.6 27.8 259 126 82 
57 6.83 193 2.0 18.9 256 124 82 
58 6.86 197 0.6 18.5 251 119 83 
59 5.74 194 1.7 18.0 249 122 83 
60 5.94 195 1.1 13.6 245 109 83 
61 5.53 147 12.6 16.1 253 118 0 
62 6.48 168 8.4 12.4 254 119 82 
63 6.36 171 8.5 19.0 258 121 83 
64 6.50 173 8.9 18.5 262 123 82 
65 6.29 180 3.8 22.4 255 123 81 
66 6.40 181 9.4 19.0 252 119 82 
67 6.55 148 6.6 18.2 253 122 82 
68 6.49 171 5.5 11.2 260 126 83 
69 7.30 177 11.0 11.3 269 125 84 
70 7.16 176 9.3 19.6 265 125 83 
71 7.73 187 8.2 13.6 271 128 84 
72 7.75 191 6.0 13.7 267 134 82 
73 
74 6.95 174 14.1 14.5 264 127 83 
75 7.80 180 11.3 17.9 267 132 82 
76 6.70 177 12.1 18.5 264 129 83 
77 7.36 184 10.3 19.7 269 132 83 
78 7.43 187 13.6 16.2 267 129 84 
79 6.29 146 2.7 21.7 261 119 82 
80 6.65 181 3.9 11.2 259 123 84 
81 6.79 184 5.3 15.0 260 124 83 
82 7.11 181 4.6 16.0 267 128 82 
83 6.97 194 3.1 15.3 262 127 83 
84 7.05 201 4.1 16.0 263 124 83 
85 6.14 181 11.6 17.5 250 115 82 
86 6.83 185 9.8 21.0 256 121 82 
87 7.24 187 IO.I 15.6 265 127 83 
88 7.49 185 10.4 21.4 258 122 83 
89 7.58 191 8.3 17.3 270 130 82 
90 7.98 193 8.5 11.4 268 134 83 
91 6.09 179 4.9 19.6 248 114 81 
92 
93 7.27 190 16.9 22.5 267 134 83 
94 7.22 192 10.3 19.9 258 128 83 
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Table A2. ( continued) 
Grain Grain Root Stalk Plant Ear 
yield moisture lodging§ lodging# heighttt heightH Silking date§§ 
Entryt (Mg ha- 1) (g kg-I) (%) (%) (cm) (cm) (days after planting) 
95 7.49 185 15.0 22.8 271 131 83 
96 8.02 192 17.6 21.5 271 135 83 
97 6.12 184 3.0 19.8 251 115 83 
98 6.92 185 4.7 21.4 254 121 82 
99 6.86 193 8.6 17.0 259 122 84 
100 6.75 193 5.2 18.4 263 126 83 
101 6.94 200 4.6 17.7 259 121 83 
102 7.55 190 5.6 20.8 258 118 83 
103 8.23 193 12.1 13.3 274 132 83 
104 8.34 193 9.4 14.0 270 133 83 
105 7.99 189 15.3 19.6 271 133 83 
106 8.02 190 14.7 18.0 272 138 83 
107 8.05 192 19.7 19.9 270 133 83 
108 7.75 193 23.7 27.8 273 138 83 
109 8.04 189 10.5 14.4 269 131 82 
110 7.58 193 9.6 19.4 268 131 83 
111 7.74 195 5.3 17.2 274 133 83 
112 7.27 196 9.0 15.7 273 130 83 
113 7.25 199 3.3 18.4 269 128 83 
114 7.20 196 5.3 8.7 260 123 82 
115 8.50 187 15.8 22.1 273 137 83 
116 7.66 195 21.9 22.3 267 135 84 
117 7.71 198 6.0 21.0 277 135 83 
118 7.83 200 8.8 19.6 271 132 83 
119 7.40 197 5.1 14.5 271 131 83 
120 6.84 196 2.6 13.0 267 125 83 
121 7.92 194 5.7 9.8 254 120 82 
122 7.51 199 l.8 11.1 255 119 82 
123 7.80 195 2.3 16.0 255 119 81 
124 7.75 196 2.8 13.9 256 119 82 
125 7.41 193 6.6 12.5 253 117 82 
126 7.13 196 3.6 14.3 255 121 81 
127 7.69 198 7.0 13.4 254 117 82 
128 7.26 205 6.1 10.1 256 125 83 
129 7.40 217 4.2 9.1 253 122 84 
130 6.88 213 4.4 11.1 257 123 83 
131 7.42 222 6.5 9.4 249 130 84 
132 7.61 225 9.5 8.7 259 128 85 
133 7.52 193 5.3 14.8 254 120 82 
134 7.48 198 6.3 12.9 255 119 82 
135 7.42 205 9.2 13.1 254 120 83 
136 7.74 200 7.7 12.4 260 120 82 
137 7.57 198 8.2 15.8 261 124 84 
138 7.84 200 13.9 17.5 260 124 84 
139 7.54 197 6.7 14.9 255 121 82 
140 7.58 199 5.8 13.1 259 127 82 
141 7.40 202 6.2 13.8 258 122 82 
142 7.21 199 7.6 I l.7 258 122 83 
143 7.82 202 8.8 12.4 261 122 82 
144 7.60 209 9.0 8.8 263 124 83 
145 7.53 195 6.8 19.0 257 121 82 
146 7.60 209 6.8 11.3 259 127 83 
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Table A2. ( continued) 
Grain Grain Root Stalk Plant Ear 
yield moisture lodging§ lodging# heighttt heightU Silking date§§ 
Entryl (Mg ha-1) (g kg-I) (%) (%) (cm) (cm) ( days after planting) 
147 7.33 216 6.6 10.6 254 119 84 
148 7.41 218 7.6 10.6 255 123 84 
149 7.29 224 9.9 10.9 255 128 84 
150 7.27 226 6.6 7.7 259 130 84 
151 7.48 193 3.4 12.8 254 122 82 
152 7.74 201 4.0 11.2 258 123 82 
153 7.51 198 10.7 14.8 261 126 83 
154 7.78 198 10.9 15.8 265 124 83 
155 7.88 203 9.6 13.8 260 122 82 
156 7.47 201 6.3 15.4 261 122 83 
157 7.21 193 6.9 15.8 253 118 82 
158 7.54 193 8.0 16.5 253 116 82 
159 7.73 197 4.4 16.1 255 123 82 
160 6.95 200 8.9 15.0 260 123 83 
161 7.26 200 5.1 15.4 258 125 83 
162 7.49 205 4.5 15.8 264 127 83 
163 7.36 232 8.7 7.1 252 127 86 
164 7.30 221 11.5 9.9 259 123 85 
165 7.32 212 6.8 8.3 260 125 84 
166 7.44 215 6.2 12.8 258 125 85 
167 7.71 211 7.4 11.2 258 125 85 
168 7.75 201 12.7 18.2 260 122 84 
169 7.48 229 8.7 8.3 254 126 85 
170 6.98 223 11.0 9.5 260 128 85 
171 7.49 217 9.9 11.4 259 120 85 
172 7.53 211 9.9 10.2 263 131 84 
173 7.57 214 8.5 13.2 267 132 83 
174 7.31 208 7.0 19.6 258 126 83 
175 7.82 198 9.8 15.3 260 122 83 
176 7.70 203 9.6 17.6 254 120 84 
177 7.28 200 9.6 12.3 267 124 84 
178 8.08 202 6.7 14.9 258 127 83 
179 7.25 202 9.5 14.6 266 126 84 
180 7.71 205 7.9 12.9 263 129 83 
181 7.80 184 5.7 16.1 266 125 82 
182 7.69 189 4.9 12.9 258 123 82 
183 7.92 190 3.0 14.4 261 124 81 
184 7.64 187 6.9 18.6 262 121 81 
185 7.79 190 6.7 14.7 260 124 81 
186 7.55 185 2.7 24.9 258 120 80 
187 8.12 189 4.0 16.9 258 125 81 
188 7.55 196 6.5 14.9 262 123 81 
189 7.96 206 4.2 15.6 266 131 83 
190 7.40 201 8.1 14.3 256 119 83 
191 8.23 210 6.2 14.5 264 129 83 
192 7.92 212 5.9 15.8 263 132 83 
193 7.34 186 1.7 17.4 265 127 82 
194 8.10 188 4.2 15.2 260 127 81 
195 8.13 190 8.3 14.0 263 130 82 
196 8.00 190 9.4 12.0 269 133 82 
197 8.35 191 10.9 14.7 273 134 82 
198 7.98 186 11.1 16.0 268 130 82 
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Table A2. ( continued) 
Grain Grain Root Stalk Plant Ear 
yield moisture lodging§ lodging# heighttt heightU Silking date§§ 
Entryt (Mg ha-1) (g kg-') (%) (%) (cm) (cm) ( days after planting) 
199 8.13 185 3.5 13.8 264 130 80 
200 7.73 189 8.8 16.4 266 127 82 
201 7.95 189 6.2 16.4 267 128 81 
202 7.78 189 3.6 11.5 268 128 82 
203 8.20 189 3.3 17.6 268 132 81 
204 8.44 194 5.6 21.7 268 136 81 
205 7.66 184 3.1 19.0 260 123 80 
206 7.98 195 4.8 15.6 266 129 82 
207 7.88 202 7.0 14.2 260 129 82 
208 7.62 201 4.2 15.6 262 129 83 
209 7.56 207 7.4 17.1 268 132 83 
210 6.77 215 6.4 15.0 259 128 83 
211 7.59 185 0.9 18.8 255 120 80 
212 7.92 190 9.2 14.9 264 128 81 
213 8.39 182 5.6 14.1 268 131 82 
214 7.72 187 9.5 16.6 265 127 81 
215 8.61 187 6.1 15.4 268 130 81 
216 8.28 192 8.2 13.0 268 129 82 
217 7.67 181 1.6 19.9 258 117 79 
218 7.65 190 2.8 15.4 263 127 81 
219 7.87 183 6.1 18.0 264 131 81 
220 7.83 192 3.1 16.3 257 130 81 
221 8.03 187 5.6 20.1 262 131 80 
222 8.20 189 6.0 16.7 268 139 81 
223 7.21 215 5.3 16.7 261 129 83 
224 7.73 215 5.4 12.7 268 132 83 
225 7.85 206 8.9 16.0 267 134 83 
226 7.66 199 7.5 16.8 264 133 83 
227 7.96 202 11.5 14.3 267 133 83 
228 8.37 188 9.0 14.1 268 133 82 
229 7.45 220 5.6 12. l 259 129 83 
230 7.38 207 7.8 14.6 263 132 83 
231 8.06 205 5.6 18.3 268 137 83 
232 7.40 203 8.4 16.0 268 135 83 
233 7.92 197 5.4 21.2 270 135 82 
234 8.41 189 6.0 21.4 266 133 82 
235 7.88 189 I 1.0 17.4 265 130 82 
236 8.17 189 6.9 16.2 268 130 83 
237 8.40 194 8.8 16.1 269 135 82 
238 8.19 190 7.0 16.7 273 134 81 
239 8.27 193 5.7 18.0 264 131 81 
240 8.24 191 4.0 18.3 268 136 81 
Mean 7.36 192 6.2 16.8 259 125 82 
LSD(0.05) 0.76 1.0 9.0 7.0 8.5 7.1 1.4 
Variance 0.07 0.1 IO.I 6.1 8.9 6.3 0.2 
Table A3. Tester means within environments recorded for seven phenotypic traits. 
Traits measured 
Grain Grain Root Stalk 
Environment Tester yield moisture lodging lodging Plant height Ear height Silking date 
1999 
Mgha-1 gkg-1 % cm ( days after planting) 
Ames B73 10.21 241 1.6 2.1 252 115 81.1 
B104 9.40 266 5.1 0.7 245 109 82.1 
B97 9.72 233 4.4 3.2 256 113 82.0 
B112 9.02 228 0.8 2.9 241 107 80.5 
B73 and B104 9.80 253 3.3 1.4 249 112 81.6 
B97 and B112 9.37 230 2.6 3.0 248 110 81.3 
summary 9.59 242 2.8 2.1 248 111 81.5 
1999 
Carroll B73 10.20 215 0.3 6.4 244 118 NA 
B104 9.34 236 0.6 2.4 239 113 NA 
B97 9.04 205 0.9 11.1 244 116 NA 
B112 7.22 193 1.4 17.7 226 107 NA 
B73 and B104 9.77 226 0.5 4.4 241 116 NA 00 
B97 and B112 8.13 199 1.1 14.4 235 112 NA 
N 
summary 8.97 213 0.8 9.3 238 114 NA 
1999 
C'ville B73 8.85 205 41.7 0.6 NA NA NA 
B104 8.29 211 48.9 0.2 NA NA NA 
B97 7.47 190 55.6 2.1 NA NA NA 
B112 8.72 190 12.4 2.6 NA NA NA 
B73 and B104 8.57 208 45.3 0.4 NA NA NA 
B97 and B112 8.10 190 34.0 2.4 NA NA NA 
summary 8.34 199 39.8 1.3 NA NA NA 
1999 
Fairfield B73 7.91 271 1.4 0.6 236 115 NA 
B104 6.97 277 0.8 0.5 223 106 NA 
B97 6.89 257 9.0 2.1 232 116 NA 
B112 6.95 257 0.4 1.1 222 105 NA 
B73 and B104 7.44 274 1.1 0.5 230 110 NA 
B97 and B112 6.92 257 4.7 1.6 227 110 NA 
summary 7.19 266 2.7 1.0 228 110 NA 
NA Not available. 
Table A3. (~ontil!_ued) 
Traits measured 
Grain Grain Root Stalk 
Environment Tester yield moisture lodging lodging Plant height Ear height Silking date 
1999 
Mgha·1 g kil % cm ( days after planting) 
Rippey B73 7.39 196 0.7 2.4 257 116 NA 
B104 7.12 211 0.9 1.9 252 110 NA 
B97 6.41 183 3.7 6.4 257 116 NA 
B112 5.67 173 0.3 6.3 243 106 NA 
B73 and B104 7.26 204 0.8 2.2 255 113 NA 
B97 and B112 6.04 178 2.0 6.4 250 111 NA 
summary 6.66 191 1.4 4.2 252 112 NA 
1999 
Combined B73 8.92 226 9.1 2.4 247 116 81.1 
B104 8.23 240 11.3 1.1 240 110 82.1 
B97 7.90 214 14.5 5.0 247 115 82.0 
B112 7.48 208 3.0 6.1 233 106 80.5 
B73 and B104 8.57 233 10.2 1.7 244 113 81.6 00 
B97 and B112 7.69 211 8.8 5.6 
vJ 
240 111 81.3 
summary 8.14 222 9.5 3.6 242 112 81.5 
2000 
Ames B73 7.99 176 NA NA 287 154 82.3 
B104 7.64 189 NA NA 283 149 83.9 
B97 7.24 170 NA NA 286 151 83.5 
B112 6.68 169 NA NA 273 139 81.4 
B73 and B104 7.81 182 NA NA 285 152 83.1 
B97 and B112 6.96 170 NA NA 280 145 82.5 
summary 7.39 176 NA NA 282 149 82.8 
2000 
Carroll B73 7.27 162 0.4 36.4 278 145 NA 
B104 7.06 175 0.9 31.0 270 138 NA 
B97 6.46 159 0.5 38.5 273 138 NA 
B112 6.13 152 0.3 46.7 259 130 NA 
B73 and B104 7.16 169 0.6 33.7 274 142 NA 
B97 and B112 6.30 155 0.4 42.6 266 134 NA 
summa!l 6.74 162 0.5 38.1 270 138 NA 
Table A3. (continued) 
Traits measured 
Grain Grain Root Stalk 
Environment Tester yield moisture lodging lodging Plant height Ear height Silking date 
2000 
Mgha-1 gkg-1 % cm (days after planting) 
C'ville B73 5.95 159 NA NA 274 130 NA 
B104 5.96 159 NA NA 274 129 NA 
B97 6.12 159 NA NA 275 130 NA 
Bl 12 6.12 159 NA NA 277 131 NA 
B73 and B104 5.95 159 NA NA 274 130 NA 
B97 and Bl 12 6.12 159 NA NA 276 130 NA 
summary 6.04 159 NA NA 275 130 NA 
2000 
Fairfield B73 6.74 153 0.1 73.8 277 138 NA 
B104 6.49 157 0.6 58.2 267 128 NA 
B97 6.35 153 0.1 63.9 279 133 NA 
Bl 12 5.72 154 0.1 70.4 264 127 NA 
B73 and B104 6.62 155 0.4 66.0 272 133 NA 00 
B97 and Bl 12 6.04 153 0.1 67.2 271 130 NA 
summary 6.33 154 0.2 66.6 272 132 NA 
2000 
Rippey B73 6.37 161 3.2 7.7 273 132 NA 
B104 6.73 174 1.2 9.3 266 126 NA 
B97 5.84 154 2.1 12.8 271 130 NA 
Bl 12 6.13 150 0.4 15.2 257 122 NA 
B73 and B104 6.55 167 2.2 8.5 270 129 NA 
B97 and Bl 12 5.99 152 1.3 14.0 264 126 NA 
summary 6.28 160 1.7 11.2 267 127 NA 
2000 
Combined B73 6.86 162 1.2 39.2 278 140 82.3 
B104 6.77 171 0.9 32.8 272 134 83.9 
B97 6.39 159 0.9 38.3 277 136 83.5 
Bl 12 6.16 157 0.3 44.3 266 130 81.4 
B73 and B104 6.81 167 1.1 36.0 275 137 83.1 
B97 and Bl 12 6.28 158 0.6 41.3 271 133 82.5 
summa!}'_ 6.55 162 0.8 38.6 273 135 82.8 
Table A3. (continued) 
Grain Grain Root 
Environment Tester yield moisture lodging 
Mgha- 1 gkg·l 
1999/2000 873 7.89 194 6.1 
combined 8104 7.50 206 7.4 
897 7.18 185 9.2 
Bl 12 6.83 183 2.0 
873 and B104 7.70 200 6.8 
B97 and 8112 7.00 184 5.6 
summa!}'. 7.35 192 6.2 
Traits measured 
Stalk 
lodging Plant height 
% 
16.2 264 
12.9 258 
17.6 264 
20.3 251 
14.6 261 
19.0 258 
16.8 259 
Ear height 
cm 
129 
123 
127 
119 
126 
123 
125 
Silking date 
( days after planting) 
81.7 
83.0 
82.7 
81.0 
82.4 
81.9 
82.l 
00 
Vl 
Table A4. Environment means and their standard errors as recorded for seven phenotypic traits measured at ten environments. 
Traits measured 
Grain Root Stalk Plant 
Year Location Grain yield moisture lodging lodging height Ear height Silking date 
Mgha·1 gkg"l % cm (days after planting) 
1999 Ames 9.59± 1.07 242 ± 1.8 2.8 ± 7.03 2.1 ± 3.48 248 ± 14.7 111±10.7 81.5 ± 1.07 
Carroll 8.97 ± 1.21 213 ± 1.5 0.8 ± 3.09 9.3 ± 9.69 238 ± 15.7 114± 12.3 NA 
Crawfordsville 8.34 ± 1.19 199 ± 0.9 39.8 ± 25.71 1.3± 3.18 NA NA NA 
Fairfield 7.19± 1.12 266 ± 3.2 2.7 ± 5.57 1.0 ± 2.38 228 ± 15.2 110 ± 12.3 NA 
Rippey 6.66 ± 1.17 191 ± 1.5 1.4 ± 4.65 4.2 ± 5.44 252 ± 14.4 112 ± 13.0 NA 
Combined 8.14±0.76 222 ± 1.1 9.5 ± 9.75 3.6 ± 3.51 242 ± 8.2 112± 6.7 81.5 ± 1.07 
2000 Ames 7.39 ± 1.36 176 ± 1.0 NA NA 282 ± 12.3 149 ± 12.9 82.8 ± 1.16 
Carroll 6.74 ± 1.07 162± 1.1 0.5± 1.71 38.1 ± 19.20 270 ± 12.8 138±11.7 NA 
Crawfordsville 6.04 ± 1.71 159 ± 0.9 NA NA 275 ± 21.1 130 ± 16.3 NA 
Fairfield 6.33 ± 1.55 154 ± 0.6 0.2 ± 1.29 66.6 ± 16.27 272 ± 14.5 132±11.7 NA 
Rippey 6.28 ± 0.97 160 ± 1.1 1.7± 4.81 11.2± 7.70 267 ± 15.3 127 ± 13.9 NA 
Combined 6.55 ± 0.68 162 ± 0.6 0.8 ± 1.86 38.6 ± 10.26 273 ± 8.1 135 ± 6.9 82.8 ± 1.16 00 
O"I 
1999/2000 Combined 7.34 ± 0.07 192±0.1 6.2 ± 10.28 16.7 ± 6.16 259± 9.1 125 ± 6.3 82. l ± 0.20 
NA= not available. 
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Table Bl. Agronomic data for B73 testcross progeny sets from epistasis study grown at Ames, Carroll, Crawfordsville, 
Fairfield, and Rippey, IA, in 1999 and 2000. Parameter estimates and standard errors from fitting testcross generation 
means to Melchinger's (1987) Model 1 and Model 2. 
Phenotypic traits 
Pedigree Grain ~ield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha·1 gkg•l % % cm cm Days after planting 
181 B90/B73 7.85 ± 0.13 186.00 ± 0.16 3.70 ± 1.59 16.05 ± 1.24 263.00 ± 1.49 126.75 ± 1.25 81.25 ± 0.22 
182 B90/B9 l/2/B90/3/B73 7.69 ± 0.27 189.00 ± 0.32 4.90 ± 3.18 12.90 ± 2.47 258.00 ± 2.98 123.00 ± 2.51 82.00 ± 0.45 
183 B90/B91/2/B73 7.92 ± 0.27 190.00 ± 0.32 3.00 ± 3.18 14.40 ± 2.47 261.00 ± 2.98 124.00 ± 2.51 81.00 ± 0.45 
184 B90/B91-B/2/B73 7.63 ± 0.27 187.00 ± 0.32 6.80 ± 3.18 18.60 ± 2.47 262.00 ± 2.98 121.00 ± 2.51 81.00 ± 0.45 
185 B90/B91/2/B91/3/B73 7.81 ± 0.27 190.00 ± 0.32 6.50 ± 3.18 14.70 ± 2.47 260.00 ± 2.98 124.00 ± 2.51 81.00 ± 0.45 
186 B91/873 7.62 ± 0.13 183.75 ± 0.16 2.05 ± 1.59 20.65 ± 1.24 257.75 ± 1.49 120.00 ± 1.25 79.75 ± 0.22 
MODEL 1 
mT 7.74 ± 0.08 186.25 ± 0.09 3.68 ± 0.92 17.28 ± 0.71 260.33 ± 0.86 123.25 ± 0.72 80.75 ± 0.13 
dT 0.10 ± 0.09 1.00 ± 0.11 0.68 ± 1.09 -2.27 ± 0.85 2.35 ± 1.02 3.12 ± 0.86 0.76 ± 0.15 
x2(4) 1.00 530.00** 2.59 7.11 1.89 2.36 8.90 
Rz 55.0% 13.8% 13.1% 50.2% 73.6% 84.7% 73.6% 
MODEL2 
mT 7.77 ± 0.15 189.41 ± 0.18 5.52 ± 1.81 15.00 ± 1.40 260.45 ± 1.69 122.87 ± 1.42 81.30 ± 0.25 
dT 0.10 ± 0.09 1.00 ± 0.11 0.68 ± 1.09 -2.27 ± 0.85 2.35 ± 1.02 3.12 ± 0.86 0.76 ± 0.15 00 00 
? -0.04 ± 0.18 -4.46 :I: 0.22 -2.59 ± 2.20 3.23 ± 1.71 -0.16 ± 2.06 0.53 ± 1.73 -0.77 ± 0.31 
x2 (3) 0.96 112.30** 1.20 3.53 1.89 2.27 2.62 
Rz 56.8% 81.7% 59.9% 75.3% 73.7% 85.4% 92.2% 
187 B90/B73 7.85 ± 0.13 186.00 ± 0.16 3.70 ± 1.59 16.05 ± 1.24 263.00 ± 1.49 126.75 ± 1.25 81.25 ± 0.22 
188 B90/B95/2/B90/3/B73 7.55 ± 0.27 196.00 ± 0.32 6.50 ± 3.18 14.90 ± 2.47 262.00 ± 2.98 123.00 ± 2.51 81.00 ± 0.45 
189 B90/B95/2/B73 7.96 ± 0.27 206.00 ± 0.32 4.20 ± 3.18 15.70 ± 2.47 266.00 ± 2.98 131.00 ± 2.51 83.00 ± 0.45 
190 B90/B95-B/2/B73 7.40 ± 0.27 201.00 ± 0.32 8.10 ± 3.18 14.30 ± 2.47 256.00 ± 2.98 119.00 ± 2.51 83.00 ± 0.45 
191 B90/B95/2/B95/3/B73 8.23 ± 0.27 210.00 ± 0.32 6.20 ± 3.18 14.50 ± 2.47 264.00 ± 2.98 129.00 ± 2.51 83.00 ± 0.45 
192 B95/B73 7.34 ± 0.13 215.50 ± 0.16 5.80 ± 1.59 14.98 ± 1.24 260.25 ± 1.49 129.25 ± 1.25 83.00 ± 0.22 
MODEL 1 
mT 7.66 ± 0.08 201.58 ± 0.09 5.25 ± 0.92 15.29 ± 0.71 261. 75 ± 0.86 127.17 ± 0.72 82.25 ± 0.13 
dT 0.20 ± 0.09 -14.71 ± 0.11 -0.97 ± 1.09 0.53 ± 0.85 1.18 :I: 1.02 -1.53 ± 0.86 -0.94 ± 0.15 
/(4) 10.02* 296.81** 1.43 0.37 6.71 15.92** 9.85* 
Rz 32.4% 98.4% 35.6% 51.4% 16.5% 16.6% 79.3% 
MODEL2 
mT 7.79 ± 0.15 203.59 ± 0.18 6.41 ± 1.81 14.80 ± 1.40 261.88 ± 1.69 125.12 ± 1.42 82.63 ± 0.25 
dT 0.20 ± 0.09 -14.71 ± 0.11 -0.97 ± 1.09 0.53 ± 0.85 1.18 :I: 1.02 -1.53 :I: 0.86 -0.94 ± 0.15 
? -0.19 ± 0.18 -2.83 ± 0.22 -1.64 ± 2.20 0.70 ± 1.71 -0.18 ± 2.06 2.89 ± 1.73 -0.53 ± 0.31 
x2 (3) 8.96* 128.09** 0.87 0.20 6.70 13.13** 6.85 
Rz 39.5% 99.3% 60.7% 73.6% 16.6% 31.2% 85.6% 
*,** Significant at the 0.05 and 0.01 levels, respectively. 
Table Bl. (continued) 
Phenotypic traits 
Pedigree Grain ~ield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha·' gkg·' % % cm cm Days after planting 
193 B90/B73 7.85 ± 0.13 186.00 ± 0.16 3.70 ± 1.59 16.05 ± 1.24 263.00 ± 1.49 126.75 ± 1.25 81.25 ± 0.22 
194 B90/B97/2/B90/3/B73 8.11 ± 0.27 188.00 ± 0.32 4.10 ± 3.18 15.20 ± 2.47 260.00 ± 2.98 127.00 ± 2.51 81.00 ± 0.45 
195 B90/B97/2/B73 8.12 ± 0.27 190.00 ± 0.32 8.30 ± 3.18 14.00 ± 2.47 263.00 ± 2.98 130.00 ± 2.51 82.00 ± 0.45 
196 B90/B97-B/2/B73 8.00 ± 0.27 190.00 ± 0.32 9.40 ± 3.18 12.00 ± 2.47 269.00 ± 2.98 133.00 ± 2.51 82.00 ± 0.45 
197 B90/B97/2/B97/3/B73 8.35 ± 0.27 191.00 ± 0.32 10.90 ± 3.18 14.70 ± 2.47 273.00 ± 2.98 134.00 ± 2.51 82.00 ± 0.45 
198 B97/B73 8.12 ± 0.13 188.75 ± 0.16 9.90 ± 1.59 15.15 ± 1.24 267.00 ± 1.49 130.50 ± 1.25 82.00 ± 0.22 
MODEL 1 
mT 8.04 ± 0.08 188.17 ± 0.09 7.26 ± 0.92 15.06 ± 0.71 265.42 ± 0.86 129.42 ± 0.72 81.67 ± 0.13 
dT -0.14 ± 0.09 -1.47 ± 0.11 -3.32 ± 1.09 0.45 ± 0.85 -2.65 ± 1.02 -2.18 ± 0.86 -0.41 ± 0.15 
/(4) 1.54 165.34** 1.37 2.10 8.92 5.22 2.38 
R2 61.6% 52.7% 87.1% 12.0% 42.9% 55.0% 75.2% 
MODEL2 
mT 8.15 ± 0.15 190.07 ± 0.18 8.45 ± 1.81 13.62 ± 1.40 266.36 ± 1.69 131.37 ± 1.42 81.81 ± 0.25 
dT -0.14 ± 0.09 -1.47 ± 0.11 -3.32 ± 1.09 0.45 ± 0.85 -2.65 ± 1.02 -2.18 ± 0.86 -0.41 ± 0.15 
jT -0.16 ± 0.18 -2.69 ± 0.22 -1.69 ± 2.20 2.03 ± 1.71 -1.33 ± 2.06 -2.75 ± 1.73 -0.20 ± 0.31 
x2 (3) 0.81 12.74** 0.78 0.68 8.50* 2.69 1.96 00 
R2 79.9% 96.4% 92.6% 71.6% 45.5% 76.8% 79.5% \0 
199 890/B73 7.85 ± 0.13 186.00 ± 0.16 3.70 ± 1.59 16.05 ± 1.24 263.00 ± 1.49 126.75 ± 1.25 81.25 ± 0.22 
200 890/B99/2/B90/3/B73 7.73 ± 0.27 189.00 ± 0.32 8.80 ± 3.18 16.30 ± 2.47 266.00 ± 2.98 127.00 ± 2.51 82.00 ± 0.45 
201 890/899/2/873 7.94 ± 0.27 189.00 ± 0.32 6.20 ± 3.18 16.40 ± 2.47 266.00 ± 2.98 128.00 ± 2.51 81.00 ± 0.45 
202 B90/899-8/2/B73 7.78 ± 0.27 189.00 ± 0.32 3.60 ± 3.18 11.50 ± 2.47 268.00 ± 2.98 128.00 ± 2.51 82.00 ± 0.45 
203 890/B99/2/B99/3/873 8.19 ± 0.27 189.00 ± 0.32 3.30 ± 3.18 17.60 ± 2.47 268.00 ± 2.98 132.00 ± 2.51 81.00 ± 0.45 
204 899/B73 8.32 ± 0.13 190.50 ± 0.16 5.38 ± 1.59 19.53 ± 1.24 267.50 ± 1.49 136.00 ± 1.25 81.25 ± 0.22 
MODEL 1 
mT 8.03 ± 0.08 188.50 ± 0.09 4.85 ± 0.92 17.01 ± 0.71 265.83 ± 0.86 130.50 ± 0.72 81.33 ± 0.13 
dT -0.25 ± 0.09 -2.12 ± 0.11 -0.46 ± 1.09 -1.71 ± 0.85 -2.24 ± 1.02 -4.65 ± 0.86 0.06 ± 0.15 
/(4) 1.80 38.82** 2.56 5.83 1.15 3.28 5.69 
R2 80.7% 90.8% 6.6% 41.1% 80.6% 89.9% 2.5% 
MODEL2 ---;r 7.88 ± 0.15 189.09 ± 0.18 5.49 ± 1.81 14.92 ± 1.40 267.21 ± 1.69 128.31 ± 1.42 81.53 ± 0.25 
dT -0.25 ± 0.09 -2.12 ± 0.11 -0.46 ± 1.09 -1.71 ± 0.85 -2.24 ± 1.02 -4.65 ± 0.86 0.06 ± 0.15 
? 0.21 ± 0.18 -0.83 ± 0.22 -0.90 ± 2.20 2.95 ± 1.71 -1.94 ± 2.06 3.09 ± 1.73 -0.28 ± 0.31 
x2 (3) 0.54 24.27** 2.39 2.84 0.26 0.10 4.88 
R2 94.2% 94.2% 12.8% 71.3% 95.7% 99.7% 16.4% 
Table B 1. ( continued) 
Phenotypic traits 
Pedigree Grain i:ield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha·1 gkg·l % % cm cm Days after planting 
205 B91/B73 7.62 ± 0.13 183.75 ± 0.16 2.05 ± 1.59 20.65 ± 1.24 257.75 ± 1.49 120.00 ± 1.25 79.75 ± 0.22 
206 B91/B95/2/B91/3/B73 7.97 ± 0.27 195.00 ± 0.32 4.80 ± 3.18 15.50 ± 2.47 266.00 ± 2.98 128.00 ± 2.51 82.00 ± 0.45 
207 B91/895/2/B73 7.87 ± 0.27 202.00 ± 0.32 6.90 ± 3.18 14.20 ± 2.47 260.00 ± 2.98 129.00 ± 2.51 82.00 ± 0.45 
208 B91/B95-B/2/B73 7.62 ± 0.27 201.00 ± 0.32 4.20 ± 3.18 15.60 ± 2.47 262.00 ± 2.98 129.00 ± 2.51 83.00 ± 0.45 
209 B91/B95/2/B95/3/B73 7.56 ± 0.27 207.00 ± 0.32 7.40 ± 3.18 17.10 ± 2.47 268.00 ± 2.98 132.00 ± 2.51 83.00 ± 0.45 
210 B95/B73 7.34 ± 0.13 215.50 ± 0.16 5.80 ± 1.59 14.98 ± 1.24 260.25 ± 1.49 129.25 ± 1.25 83.00 ± 0.22 
MODEL 1 
mT 7.57 ± 0.08 200.17 ± 0.09 4.56 ± 0.92 17.08 ± 0.71 260.67 ± 0.86 126.25 ± 0.72 81.75 ± 0.13 
dT 0.16 ± 0.09 -15.65 ± 0.11 -1.92 ± 1.09 2.58 ± 0.85 -1.29 ± 1.02 -4.59 ± 0.86 -1.59 ± 0.15 
x2(4) 3.82 148.58** 1.36 4.13 11.79* 10.25* 20.29** 
R2 43.2% 99.3% 69.3% 69.1% 12.0% 73.5% 84.1% 
MODEL2 
mT 7.79 ± 0.15 201.49 ± 0.18 6.00 ± 1.81 15.22 ± 1.40 264.09 ± 1.69 130.00 ± 1.42 82.63 ± 0.25 
dT 0.16 ± 0.09 -15.65 ± 0.1 I -1.92 ± 1.09 2.58 ± 0.85 -1.29 ± 1.02 -4.59 ± 0.86 -1.59 ± 0.15 
? -0.31 ± 0.18 -1.86 ± 0.22 -2.04 ± 2.20 2.62 ± I. 71 -4.83 ± 2.06 -5.29 ± 1.73 -1.25 ± 0.31 
x2(3) 1.06 75.67** 0.50 1.77 6.27 0.91 3.92 '-0 R2 84.3% 99.6% 88.8% 86.8% 53.2% 97.6% 96.9% 0 
211 B91/B73 7.62 ± 0.13 183.75 ± 0.16 2.05 ± 1.59 20.65 ± 1.24 257.75 ± 1.49 120.00 ± 1.25 79.75 ± 0.22 
212 B91/897/2/B91/3/B73 7.92 ± 0.27 190.00 ± 0.32 9.20 ± 3.18 14.80 ± 2.47 264.00 ± 2.98 128.00 ± 2.51 81.00 ± 0.45 
213 B91/B97/2/B73 8.38 ± 0.27 182.00 ± 0.32 5.60 ± 3.18 14.20 ± 2.47 268.00 ± 2.98 131.00 ± 2.51 82.00 ± 0.45 
214 B91/B97-B/2/B73 7.72 ± 0.27 187.00 ± 0.32 9.50 ± 3.18 16.60 ± 2.47 265.00 ± 2.98 127.00 ± 2.51 81.00 ± 0.45 
215 B91/B97/2/B97/3/B73 8.61 ± 0.27 187 .00 ± 0.32 6.10 ± 3.18 15.40 ± 2.47 268.00 ± 2.98 130.00 ± 2.51 81.00 ± 0.45 
216 B97/873 8.12 ± 0.13 188.75 ± 0.16 9.90 ± 1.59 15.15 ± 1.24 267.00 ± 1.49 130.50 ± 1.25 82.00 ± 0.22 
MODEL 1 
mT 7.97 ± 0.08 186.33 ± 0.09 6.52 ± 0.92 17.02 ± 0.71 263.67 ± 0.86 126.50 ± 0.72 81.00 ± 0.13 
dT -0.28 ± 0.09 -2.18 ± 0.11 -3.51 ± 1.09 2.55 ± 0.85 -4.59 ± 1.02 -5.06 ± 0.86 -1.06 ± 0.15 
x2(4) 8.09 429.02** 3.74 4.41 5.05 8.01 8.60 
R2 53.4% 48.4% 73.5% 67.3% 79.9% 81.2% 84.7% 
MODEL2 
mT 8.17 ± 0.15 186.19 ± 0.18 7.78 ± 1.81 14.96 ± 1.40 266.75 ± 1.69 129.45 ± 1.42 81.34 ± 0.25 
dT -0.28 ± 0.09 -2.18 ± 0.11 -3.51 ± 1.09 2.55 ± 0.85 -4.59 ± 1.02 -5.06 ± 0.86 -1.06 ± 0.15 
? -0.29 ± 0.18 0.20 ± 0.22 -1.79 ± 2.20 2.90 ± 1.71 -4.36 ± 2.06 -4.16 ± 1.73 -0.48 ± 0.31 
x2(3) 5.54 428.19** 3.07 1.51 0.57 2.24 6.23 
R2 68.1% 48.5% 78.2% 88.8% 97.8% 94.7% 88.9% 
Table Bl. (continued) 
Phenotypic traits 
PediBree Grain ~ield Grain moisture Root lodBinB Stalk lodBing Plant heiBht Ear height Silk date 
Mgha·1 gkg"l % % cm cm Days after planting 
217 B91/873 7.62 ± 0.13 183.75 ± 0.16 2.05 ± 1.59 20.65 ± 1.24 257.75 ± 1.49 120.00 ± 1.25 79.75 ± 0.22 
218 B91/B99/2/B91/3/B73 7.65 ± 0.27 190.00 ± 0.32 2.80 ± 3.18 15.40 ± 2.47 263.00 ± 2.98 127.00 ± 2.51 81.00 ± 0.45 
219 B91/899/2/873 7.87 ± 0.27 183.00 ± 0.32 6.20 ± 3.18 18.00 ± 2.47 264.00 ± 2.98 131.00 ± 2.51 81.00 ± 0.45 
220 B91/899-B/2/873 7.83 ± 0.27 192.00 ± 0.32 3.00 ± 3.18 16.30 ± 2.47 257 .00 ± 2.98 130.00 ± 2.51 81.00 ± 0.45 
221 B91/B99/2/B99/3/B73 8.03 ± 0.27 187.00 ± 0.32 5.60 ± 3.18 20.00 ± 2.47 262.00 ± 2.98 131.00 ± 2.51 80.00 ± 0.45 
222 B99/873 8.32 ± 0.13 190.50 ± 0.16 5.38 ± 1.59 19.53 ± 1.24 267.50 ± 1.49 136.00 ± 1.25 81.25 ± 0.22 
MODEL 1 
mT 7.93 ± 0.08 187.42 ± 0.09 3.94 ± 0.92 19.20 ± 0.71 262.25 ± 0.86 128.58 ± 0.72 80.58 ± 0.13 
dT -0.35 ± 0.09 -3.00 ± 0.11 -1.73 ± 1.09 0.26 ± 0.85 -4.53 ± 1.02 -7.76 ± 0.86 -0.65 ± 0.15 
/(4) 0.60 626.67** 0.71 5.42 5.41 2.93 9.29 
R2 96.1% 55.0% 78.1% 1.7% 78.4% 96.5% 65.7% 
MODEL2 
mT 7.83 ± 0.15 188.02 ± 0.18 4.52 ± 1.81 17.06 ± 1.40 261.20 ± 1.69 130.08 ± 1.42 80.82 ± 0.25 
dT -0.35 ± 0.09 -3.00 ± 0.11 -1.73 ± 1.09 0.26 ± 0.85 -4.53 ± 1.02 -7.76 ± 0.86 -0.65 ± 0.15 
jT 0.14 ± 0.18 -0.85 ± 0.22 -0.81 ± 2.20 3.02 ± 1.71 1.49 ± 2.06 -2.12 ± 1.73 -0.34 ± 0.31 
x2 (3) 0.04 611.41** 0.57 2.29 4.89 1.43 8.10* 
R2 99.7% 56.1% 82.3% 58.5% 80.5% 98.3% 70.1% \0 ,.... 
223 B95/B73 7.34 ± 0.13 215.50 ± 0.16 5.80 ± 1.59 14.98 ± 1.24 260.25 ± 1.49 129.25 ± 1.25 83.00 ± 0.22 
224 B95/897/2/895/3/873 7.73 ± 0.27 215.00 ± 0.32 5.30 ± 3.18 12.70 ± 2.47 268.00 ± 2.98 132.00 ± 2.51 83.00 ± 0.45 
225 B95/897/2/873 7.84 ± 0.27 206.00 ± 0.32 8.90 ± 3.18 16.00 ± 2.47 267 .00 ± 2.98 134.00 ± 2.51 83.00 ± 0.45 
226 B95/897-B/2/873 7.66 ± 0.27 199.00 ± 0.32 7.50 ± 3.18 16.80 ± 2.47 264.00 ± 2.98 133.00 ± 2.51 83.00 ± 0.45 
227 B95/897/2/897/3/873 7.97 ± 0.27 202.00 ± 0.32 11.50 ± 3.18 14.30 ± 2.47 266.00 ± 2.98 132.00 ± 2.51 83.00 ± 0.45 
228 B97/873 8.12 ± 0.13 188.75 ± 0.16 9.90 ± 1.59 15.15 ± 1.24 267.00 ± 1.49 130.50 ± 1.25 82.00 ± 0.22 
MODEL 1 
mT 7.75 ± 0.08 203.25 ± 0.09 8.00 ± 0.92 15.03 ± 0.71 264.50 ± 0.86 130.83 ± 0. 72 82.67 ± 0.13 
dT -0.38 ± 0.09 13.35 ± 0.11 -2.29 ± 1.09 -0.18 ± 0.85 -3.06 ± 1.02 -0.59 ± 0.86 0.47 ± 0.15 
x2(4) 0.71 909.41 ** 0.95 1.61 4.35 3.96 3.92 
R2 96.1% 94.3% 82.2% 2.6% 67.3% 10.5% 70.6% 
MODEL2 
-----;r 7.80 ± 0.15 205.40 ± 0.18 8.34 ± 1.81 15.18 ± 1.40 266.44 ± 1.69 133.22 ± 1.42 83.06 ± 0.25 
dT -0.38 ± 0.09 13.35 ± 0.11 -2.29 ± 1.09 -0.18 ± 0.85 -3.06 ± 1.02 -0.59 ± 0.86 0.47 ± 0.15 
jT -0.07 ± 0.18 -3.03 ± 0.22 -0.48 ± 2.20 -0.22 ± 1.71 -2.73 ± 2.06 -3.37 ± 1.73 -0.55 ± 0.31 
x2 (3) 0.58 716.27** 0.91 1.59 2.59 0.18 0.69 
R2 96.8% 95.5% 83.1% 3.6% 80.5% 96.0% 94.9% 
Table Bl. (continued) 
Phenotypic traits 
Pedigree Grain i:ield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha-1 gkg-1 % % cm cm Days after planting 
229 B95/873 7.34 ± 0.13 215.50 ± 0.16 5.80 ± 1.59 14.98 ± 1.24 260.25 ± 1.49 129.25 ± 1.25 83.00 ± 0.22 
230 B95/899/2/895/3/873 7.38 ± 0.27 207.00 ± 0.32 7.80 ± 3.18 14.60 ± 2.47 263.00 ± 2.98 132.00 ± 2.51 83.00 ± 0.45 
231 B95/B99/2/873 8.06 ± 0.27 205.00 ± 0.32 5.60 ± 3.18 18.20 ± 2.47 268.00 ± 2.98 137.00 ± 2.51 82.00 ± 0.45 
232 B95/B99-B/2/873 7.41 ± 0.27 202.00 ± 0.32 8.40 ± 3.18 15.90 ± 2.47 268.00 ± 2.98 135.00 ± 2.51 83.00 ± 0.45 
233 B95/899/2/B99/3/B73 7.94 ± 0.27 197.00 ± 0.32 5.20 ± 3.18 21.10 ± 2.47 270.00 ± 2.98 135.00 ± 2.51 82.00 ± 0.45 
234 B99/873 8.32 ± 0.13 190.50 ± 0.16 5.38 ± 1.59 19.53 ± 1.24 267.50 ± 1.49 136.00 ± 1.25 81.25 ± 0.22 
MODEL I 
mT 7.79 ± 0.08 202.92 ± 0.09 5.98 ± 0.92 17.32 ± 0.71 265.00 ± 0.86 133.33 ± 0.72 82.25 ± 0.13 
dT -0.50 ± 0.09 12.35 ± 0.11 0.35 ± 1.09 -2.52 ± 0.85 -3.82 ± 1.02 -3.35 ± 0.86 0.88 ± 0.15 
x2(4) 3.74 98.58** 1.03 1.93 4.27 3.23 4.41 
R2 88.7% 99.3% 9.2% 82.1% 76.6% 82.4% 88.2% 
MODEL2 
---;r 7.69 ± 0.15 202.85 ± 0.18 6.93 ± 1.81 17.41 ± 1.40 267.78 ± 1.69 135.21 ± 1.42 82.54 ± 0.25 
dT -0.50 ± 0.09 12.35 ± 0.11 0.35 ± 1.09 -2.52 ± 0.85 -3.82 ± 1.02 -3.35 ± 0.86 0.88 ± 0.15 
? 0.14 ± 0.18 0.10 ± 0.22 -1.35 ± 2.20 -0.13 ± I. 71 -3.92 ± 2.06 -2.65 ± 1.73 -0.42 ± 0.31 
x2 (3) 3.18 98.37** 0.65 1.92 0.63 0.88 2.59 
Rl 90.4% 99.3% 42.4% 82.2% 96.5% 95.2% 93.1% '-0 
235 B97/873 8.12 ± 0.13 188.75 ± 0.16 9.90 ± 1.59 15.15 ± 1.24 267.00 ± 1.49 130.50 ± 1.25 82.00 ± 0.22 N 
236 B97/899/2/897/3/873 8.18 ± 0.27 189.00 ± 0.32 6.90 ± 3.18 16.20 ± 2.47 268.00 ± 2.98 130.00 ± 2.51 83.00 ± 0.45 
237 B97/899/2/873 8.41 ± 0.27 194.00 ± 0.32 8.60 ± 3.18 16.10 ± 2.47 269.00 ± 2.98 135.00 ± 2.51 82.00 ± 0.45 
238 B97/899-8/2/873 8.19 ± 0.27 190.00 ± 0.32 7.10 ± 3.18 16.80 ± 2.47 273.00 ± 2.98 134.00 ± 2.51 81.00 ± 0.45 
239 897/899/2/899/3/873 8.26 ± 0.27 193.00 ± 0.32 5.70 ± 3.18 18.10 ± 2.47 264.00 ± 2.98 131.00 ± 2.51 81.00 ± 0.45 
240 899/873 8.32 ± 0.13 190.50 ± 0.16 5.38 ± 1.59 19.53 ± 1.24 267.50 ± 1.49 136.00 ± 1.25 81.25 ± 0.22 
MODEL 1 
mT 8.24 ± 0.08 190.25 ± 0.09 7.45 ± 0.92 17.16 ± 0.71 267.67 ± 0.86 133.00 ± 0.72 81.67 ± 0.13 
dT -0.10 ± 0.09 -1.06 ± 0.11 2.20 ± 1.09 -2.17 ± 0.85 0.00 ± 1.02 -2.65 ± 0.86 0.47 ± 0.15 
x2(4) 0.49 229.71 ** 0.48 0.25 5.13 3.09 10.17* 
R2 70.6% 29.3% 89.4% 96.3% 0.0% 75.4% 48.1% 
MODEL2 
8.27 ± 0.15 191.81 ± 0.18 7.14 ± 1.81 16.68 ± 1.40 269.07 ± 1.69 132.75 ± 1.42 81.72 ± 0.25 
dT -0.10 ± 0.09 -1.06 ± 0.11 2.20 ± 1.09 -2.17 ± 0.85 0.00 ± 1.02 -2.65 ± 0.86 0.47 ± 0.15 
jT -0.05 ± 0.18 -2.20 ± 0.22 0.44 ± 2.20 0.68 ± 1.71 -1.98 ± 2.06 0.36 ± 1.73 -0.08 ± 0.31 
x2(3) 0.41 128.05** 0.44 0.09 4.20 3.04 10.00* 
R2 75.3% 60.6% 90.2% 98.6% 18.1% 75.7% 48.4% 
Table B2. Agronomic data for B 104 testcross progeny sets from epistasis study grown at Ames, Carroll, Crawfordsville, 
Fairfield, and Rippey, IA, in 1999 and 2000. Parameter estimates and standard errors from fitting testcross generation 
means to Melchinger's (1987) Model 1 and Model 2. 
Phenotypic traits 
Pedigree Grain lield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha·1 gkg"I % % cm cm Days after planting 
121 B90/Bl04 7.67 ± 0.13 195.50 ± 0.16 6.15 ± 1.59 13.20 ± 1.24 254.25 ± 1.49 119.50 ± 1.25 81.75 ± 0.22 
122 B90/B9 l/2/B90/3/B 104 7.51 ± 0.27 199.00 ± 0.32 1.80 ± 3.18 11.20 ± 2.47 255.00 ± 2.98 119.00 ± 2.51 82.00 ± 0.45 
123 B90/B91/2/BI04 7.80 ± 0.27 195.00 ± 0.32 2.30 ± 3.18 16.00 ± 2.47 255.00 ± 2.98 119.00 ± 2.51 81.00 ± 0.45 
124 B90/B9 l -B/2/B 104 7.75 ± 0.27 196.00 ± 0.32 2.80 ± 3.18 13.90 ± 2.47 256.00 ± 2.98 119.00 ± 2.51 81.00 ± 0.45 
125 B90/B9 l/2/B9 l/3/B l 04 7.41 ± 0.27 193.00 ± 0.32 6.50 ± 3.18 12.40 ± 2.47 253.00 ± 2.98 117 .00 ± 2.51 82.00 ± 0.45 
126 891/B104 7.34 ± 0.13 194.25 ± 0.16 5.15 ± 1.59 15.48 ± 1.24 254.75 ± 1.49 120.50 ± 1.25 81.25 ± 0.22 
MODEL l ------;r 7.54 ± 0.08 195.17 ± 0.09 4.88 ± 0.92 14.02 ± 0.71 254.58 ± 0.86 119.50 ± 0.72 81.50 ± 0.13 
dT 0.16 ± 0.09 0.94 ± 0.ll 0.19 ± 1.09 -l.14 ± 0.85 -0.12 ± 1.02 -0.35 ± 0.86 0.24 ± 0.15 
x2(4) 1.95 163.87** 2.91 2.39 0.60 1.58 5.15 
R2 61.lo/o 31.5% I.I% 43.1% 2.2% 9.6% 31.4% 
MODEL2 
mT 7.66 ± 0.15 195.81 ± 0.18 2.94 ± 1.81 13.53 ± 1.40 254.91 ± 1.69 118.41 ± 1.42 81.42 ± 0.25 
dT 0.16 ± 0.09 0.94 ± 0.11 0.19 ± 1.09 -l.14 ± 0.85 -0.12 ± 1.02 -0.35 ± 0.86 0.24 ± 0.15 I.Cl (.;,) 
? -0.17 ± 0.18 -0.91 ± 0.22 2.74 ± 2.20 0.69 ± 1.71 -0.46 ± 2.06 1.54 ± 1.73 0.12 ± 0.31 
x2(3) l.13 146.41 ** 1.35 2.22 0.55 0.78 5.00 
R2 77.5% 38.8% 54.0% 47.1% 10.2% 55.3% 33.4% 
127 B90/B104 7.67 ± 0.13 195.50 ± 0.16 6.15 ± 1.59 13.20 ± 1.24 254.25 ± 1.49 119.50 ± 1.25 81.75 ± 0.22 
128 B90/B95/2/B90/3/Bl04 7.25 ± 0.27 205.00 ± 0.32 6.10 ± 3.18 10.10 ± 2.47 256.00 ± 2.98 125.00 ± 2.51 83.00 ± 0.45 
129 B90/B95/2/B104 7.40 ± 0.27 217.00 ± 0.32 4.20 ± 3.18 9.20 ± 2.47 253.00 ± 2.98 122.00 ± 2.51 84.00 ± 0.45 
130 B90/B95-B/2/B104 6.88 ± 0.27 213.00 ± 0.32 4.30 ± 3.18 11.10 ± 2.47 257.00 ± 2.98 123.00 ± 2.51 83.00 ± 0.45 
131 B90/B95/2/B95/3/B 104 7.41 ± 0.27 222.00 ± 0.32 6.50 ± 3. 18 9.40 ± 2.47 249.00 ± 2.98 129.00 ± 2.51 84.00 ± 0.45 
132 B95/Bl04 7.44 ± 0.13 228.00 ± 0.16 8.35 ± 1.59 7.98 ± 1.24 256.00 ± 1.49 127.75 ± 1.25 85.00 ± 0.22 
MODEL I ------;r 7.45 ± 0.08 212.58 ± 0.09 6.59 ± 0.92 10.38 ± 0.71 254.67 ± 0.86 124.00 ± 0.72 83.42 ± 0.13 
dT 0.10 ± 0.09 -16.29 ± 0.l 1 -1.06 ± 1.09 2.50 ± 0.85 -0.41 ± 1.02 -4.12 ± 0.86 -l.59 ± 0.15 
x2(4) 6.64 271.81 ** 1.46 0.78 5.45 3.83 3.63 
R2 15.0% 98.8% 39.1% 91.8% 2.9% 85.7% 96.7% 
MODEL2 
mT 7.18 ± 0.15 214.67 ± 0.18 4.87 ± 1.81 9.91 ± 1.40 253.80 ± 1.69 124.50 ± 1.42 83.51 ± 0.25 
dT 0.10 ± 0.09 -16.29 ± 0.l I -1.06 ± 1.09 2.50 ± 0.85 -0.41 ± 1.02 -4.12 ± 0.86 -1.59 ± 0.15 
? 0.37 ± 0.18 -2.95 ± 0.22 2.43 ± 2.20 0.66 ± 1.71 1.23 ± 2.06 -0.71 ± 1.73 -0.14 ± 0.31 
x2(3) 2.54 88.64** 0.23 0.63 5.09 3.66 3.43 
R2 67.5% 99.6% 90.2% 93.3% 9.2% 86.3% 96.9% 
*,** Significant at the 0.05 and 0.01 levels, respectively. 
Table B2. ( contim1ed) 
Phenotypic traits 
Pedigree Grain ~ield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha"1 g kg·l % % cm cm Days after planting 
133 890/B104 7.67 ± 0.13 195.50 ± 0.16 6.15 ± 1.59 13.20 ± 1.24 254.25 ± 1.49 119.50 ± 1.25 81.75 ± 0.22 
134 890/897/2/890/3/B104 7.48 ± 0.27 198.00 ± 0.32 6.30 ± 3.18 12.80 ± 2.47 255.00 ± 2.98 119.00 ± 2.51 82.00 ± 0.45 
135 890/897/2/8104 7.42 ± 0.27 205.00 ± 0.32 9.20 ± 3.18 13.10 ± 2.47 253.00 ± 2.98 120.00 ± 2.51 83.00 ± 0.45 
136 890/897-8/2/8104 7.73 ± 0.27 201.00 ± 0.32 7.60 ± 3.18 12.40 ± 2.47 260.00 ± 2.98 120.00 ± 2.51 82.00 ± 0.45 
13 7 890/897 /2/897 /3/B 104 7.56 ± 0.27 198.00 ± 0.32 8.20 ± 3.18 15.80 ± 2.47 260.00 ± 2.98 124.00 ± 2.51 84.00 ± 0.45 
138 897/8104 7.72 ± 0.13 199.75 ± 0.16 10.70 ± 1.59 16.60 ± 1.24 260.25 ± 1.49 122.50 ± 1.25 83.50 ± 0.22 
MODEL 1 
mT 7.65 ± 0.08 198.58 ± 0.09 8.23 ± 0.92 14.44 ± 0.71 257.17 ± 0.86 120.92 ± 0.72 82.67 ± 0.13 
dT -0.03 ± 0.09 -2.00 ± 0.11 -2.25 ± 1.09 -1.78 ± 0.85 -3.12 ± 1.02 -1.71 ± 0.86 -0.94 ± 0.15 
/(4) 1.54 571.67** 0.36 1.39 3.10 1.30 6.94 
R2 7.3% 37.3% 92.2% 76.0% 75.0% 75.2% 84.4% 
MODEL2 ---;r 7.53 ± 0.15 201.26 ± 0.18 7.85 ± 1.81 13.23 ± 1.40 256.89 ± 1.69 120.59 ± 1.42 82.72 ± 0.25 
dT -0.03 ± 0.09 -2.00 ± 0.11 -2.25 ± 1.09 -1.78 ± 0.85 -3.12 ± 1.02 -1.71 ± 0.86 -0.94 ± 0.15 
? 0.16 ± 0.18 -3.78 ± 0.22 0.53 ± 2.20 1.71 ± 1.71 0.40 ± 2.06 0.46 ± 1.73 -0.08 ± 0.31 
x2 (3) 0.82 270.67** 0.30 0.38 3.06 1.23 6.87 \C) 
R2 50.5% 70.3% 93.5% 93.4% 75.3% 76.5% 84.6% ..J::. 
139 890/8104 7.67 ± 0.13 195.50 ± 0.16 6.15 ± 1.59 13.20 ± 1.24 254.25 ± 1.49 119.50 ± 1.25 81.75 ± 0.22 
140 890/B99/2/890/3/8104 7.59 ± 0.27 199.00 ± 0.32 5.70 ± 3.18 13.10 ± 2.47 259.00 ± 2.98 127.00 ± 2.51 82.00 ± 0.45 
141 890/899/2/8104 7.39 ± 0.27 202.00 ± 0.32 6.20 ± 3.18 13.70 ± 2.47 258.00 ± 2.98 122.00 ± 2.51 82.00 ± 0.45 
142 890/B99-8/2/B104 7.20 ± 0.27 199.00 ± 0.32 7.70 ± 3.18 11.70 ± 2.47 258.00 ± 2.98 122.00 ± 2.51 83.00 ± 0.45 
143 890/899/2/899/3/8104 7.80 ± 0.27 202.00 ± 0.32 8.80 ± 3.18 12.40 ± 2.47 261.00 ± 2.98 122.00 ± 2.51 82.00 ± 0.45 
144 899/8104 7.52 ± 0.13 206.75 ± 0.16 7.10 ± 1.59 14.28 ± 1.24 262.00 ± 1.49 126.25 ± 1.25 83.00 ± 0.22 
MODEL 1 
mT 7.56 ± 0.08 200.92 ± 0.09 6.78 ± 0.92 13.40 ± 0.71 258.42 ± 0.86 123.00 ± 0.72 82.33 ± 0.13 
dT 0.05 ± O.Q9 -5.47 ± 0.11 -0.63 ± 1.09 -0.46 ± 0.85 -3.76 ± 1.02 -2.88 ± 0.86 -0.59 ± 0.15 
/(4) 3.40 87.84** 0.50 0.89 0.86 6.29 4.88 
R2 9.5% 96.7% 40.0% 25.2% 94.0% 64.1% 75.1% 
MODEL2 
---;r 7.45 ± 0.15 200.43 ± 0.18 7.13 ± 1.81 12.60 ± 1.40 258.94 ± 1.69 123.08 ± 1.42 82.28 ± 0.25 
dT 0.05 ± 0.09 -5.47 ± 0.11 -0.63 ± 1.09 -0.46 ± 0.85 -3.76 ± 1.02 -2.88 ± 0.86 -0.59 ± 0.15 
-T I 0.16 ± 0.18 0.69 ± 0.22 -0.49 ± 2.20 1.13 ± 1.71 -0.73 ± 2.06 -0.12 ± 1.73 0.08 ± 0.31 
/(3) 2.67 77.74** 0.45 0.45 0.74 6.29 4.81 
R2 29.0% 97.1% 46.0% 61.9% 94.9% 64.1% 75.4% 
Table B2. (continued) 
Phenotypic traits 
Pedigree Grain lield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha·1 g kg-I % % cm cm Days after planting 
145 891/8104 7.34 ± 0.13 194.25 ± 0.16 5.15 ± 1.59 15.48 ± 1.24 254.75 ± 1.49 120.50 ± 1.25 81.25 ± 0.22 
146 891/895/2/B91/3/8104 7.59 ± 0.27 209.00 ± 0.32 6.90 ± 3.18 11.40 ± 2.47 259.00 ± 2.98 127.00 ± 2.51 83.00 ± 0.45 
147 B91/B95/2/8104 7.33 ± 0.27 216.00 ± 0.32 6.50 ± 3.18 10.60 ± 2.47 254.00 ± 2.98 119.00 ± 2.51 84.00 ± 0.45 
148 891/895-8/2/8104 7.41 ± 0.27 218.00 ± 0.32 7.60 ± 3.18 10.60 ± 2.47 255.00 ± 2.98 123.00 ± 2.51 84.00 ± 0.45 
149 891/895/2/895/3/8104 7.29 ± 0.27 224.00 ± 0.32 9.90 ± 3.18 10.90 ± 2.47 255.00 ± 2.98 128.00 ± 2.51 84.00 ± 0.45 
150 895/8104 7.44 ± 0.13 228.00 ± 0.16 8.35 ± 1.59 7.98 ± 1.24 256.00 ± 1.49 127.75 ± 1.25 85.00 ± 0.22 
MODEL I 
mT 7.39 ± 0.08 213.00 ± 0.09 7.08 ± 0.92 11.44 ± 0.71 255.50 ± 0.86 124.17 ± 0.72 83.33 ± 0.13 
dT -0.03 ± 0.09 -16.76 ± 0.11 -1.68 ± 1.09 3.56 ± 0.85 -0.35 ± 1.02 -3.47 ± 0.86 -1.82 ± 0.15 
x2(4) 0.93 882.79** 0.58 1.18 1.93 8.50 8.26 
R2 9.3% 96.4% 80.4% 93.7% 5.8% 65.7% 94.5% 
MODEL2 
mT 7.40 ± 0.15 217.46 ± 0.18 7.73 ± 1.81 10.73 ± 1.40 255.58 ± 1.69 123.72 ± 1.42 83.87 ± 0.25 
dT -0.03 ± 0.09 -16.76 ± 0.11 -1.68 ± 1.09 3.56 ± 0.85 -0.35 ± 1.02 -3.47 ± 0.86 -1.82 ± 0.15 
i1 -0.01 ± 0.18 -6.30 ± 0.22 -0.92 ± 2.20 1.01 ± 1.71 -0.12 ± 2.06 0.63 ± 1.73 -0.75 ± 0.31 
x2 (3) 0.93 48.44** 0.40 0.83 1.93 8.36* 2.30 I.O 
R2 9.7% 99.8% 86.3% 95.6% 6.0% 66.2% 98.5% Vl 
151 891/8104 7.34 ± 0.13 194.25 ± 0.16 5.15 ± 1.59 15.48 ± 1.24 254.75 ± 1.49 120.50 ± 1.25 81.25 ± 0.22 
152 891/897/2/891/3/8104 7.75 ± 0.27 201.00 ± 0.32 3.90 ± 3.18 11.10 ± 2.47 258.00 ± 2.98 123.00 ± 2.51 82.00 ± 0.45 
153 891/897/2/8104 7.51 ± 0.27 198.00 ± 0.32 10.60 ± 3.18 14.90 ± 2.47 261.00 ± 2.98 126.00 ± 2.51 83.00 ± 0.45 
154 891/897-8/2/8104 7.78 ± 0.27 198.00 ± 0.32 10.90 ± 3.18 15.80 ± 2.47 265.00 ± 2.98 124.00 ± 2.51 83.00 ± 0.45 
155 891/897/2/897/3/8104 7.88 ± 0.27 203.00 ± 0.32 9.60 ± 3.18 13.80 ± 2.47 260.00 ± 2.98 122.00 ± 2.51 82.00 ± 0.45 
156 897/8104 7.72 ± 0.13 199.75 ± 0.16 10.70 ± 1.59 16.60 ± 1.24 260.25 ± 1.49 122.50 ± 1.25 83.50 ± 0.22 
MODEL I 
mT 7.60 ± 0.08 198.00 ± 0.09 8.20 ± 0.92 15.33 ± 0.71 258.67 ± 0.86 122.25 ± 0.72 82.42 ± 0.13 
dT -0.19 ± 0.09 -2.71 ± 0.11 -2.95 ± 1.09 -0.69 ± 0.85 -2.71 ± 1.02 -0.88 ± 0.86 -1.06 ± 0.15 
x2(4) 2.45 402.65** 2.16 3.78 6.40 3.75 8.19 
R2 63.6% 60.7% 77.1% 14.8% 52.2% 21.9% 85.3% 
MODEL2 -;r 7.74 ± 0.15 200.02 ± 0.18 9.18 ± 1.81 13.89 ± 1.40 261.75 ± 1.69 124.23 ± 1.42 82.60 ± 0.25 
dT -0.19 ± 0.09 -2.71 ± 0.11 -2.95 ± 1.09 -0.69 ± 0.85 -2.71 ± 1.02 -0.88 ± 0.86 -1.06 ± 0.15 
i1 -0.20 ± 0.18 -2.85 ± 0.22 -1.39 ± 2.20 2.03 ± 1.71 -4.36 ± 2.06 -2.79 ± 1.73 -0.26 ± 0.31 
x2 (3) 1.24 231.56** 1.76 2.37 1.91 1.15 7.49 
R2 81.5% 77.4% 81.4% 46.6% 85.7% 76.1% 86.6% 
Table B2. ( continued) 
Phenotypic traits 
Pedigree Grain lield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha-1 g kil % % cm cm Days after planting 
157 B91/Bl04 7.34 ± 0.13 194.25 ± 0.16 5.15 ± 1.59 15.48 ± 1.24 254.75 ± 1.49 120.50 ± 1.25 81.25 ± 0.22 
158 B91/B99/2/B91/3/Bl04 7.54 ± 0.27 193.00 ± 0.32 8.00 ± 3.18 16.50 ± 2.47 253.00 ± 2.98 116.00 ± 2.51 82.00 ± 0.45 
159 B91/B99/2/Bl04 7.73 ± 0.27 197.00 ± 0.32 4.40 ± 3.18 16.10 ± 2.47 255.00 ± 2.98 123.00 ± 2.51 82.00 ± 0.45 
160 B91/B99-B/2/Bl04 6.95 ± 0.27 200.00 ± 0.32 8.80 ± 3.18 15.00 ± 2.47 260.00 ± 2.98 123.00 ± 2.51 83.00 ± 0.45 
161 B91/B99/2/B99/3/B104 7.26 ± 0.27 200.00 ± 0.32 5.10 ± 3.18 15.40 ± 2.47 258.00 ± 2.98 125.00 ± 2.51 83.00 ± 0.45 
162 B99/B104 7.52 ± 0.13 206.75 ± 0.16 7.10 ± 1.59 14.28 ± 1.24 262.00 ± 1.49 126.25 ± 1.25 83.00 ± 0.22 
MODEL I 
mT 7.41 ± 0.08 199.50 ± 0.09 6.28 ± 0.92 15.17 ± 0.71 257.75 ± 0.86 122.83 ± 0.72 82.25 ± 0.13 
dT -0.07 ± 0.09 -6.29 ± 0.11 -0.75 ± 1.09 0.63 ± 0.85 -3.71 ± 1.02 -3.24 ± 0.86 -0.88 ± 0.15 
/(4) 5.39 327.65** 1.70 0.48 3.01 4.91 4.41 
R2 10.0% 91.1% 21.5% 53.5% 81.4% 74.2% 88.2% 
MODEL2 
mT 7.36 ± 0.15 197.31 ± 0.18 6.63 ± 1.81 15.82 ± 1.40 256.45 ± 1.69 121.77 ± 1.42 82.54 ± 0.25 
dT -0.07 ± 0.09 -6.29 ± 0.11 -0.75 ± 1.09 0.63 ± 0.85 -3.71 ± 1.02 -3.24 ± 0.86 -0.88 ± 0.15 
jT 0,07 ± 0.18 3.09 ± 0.22 -0.50 ± 2.20 -0.92 ± 1.71 1.84 ± 2.06 I.SO± 1.73 -0.42 ± 0.31 
x2 (3) 5.23 126.85** 1.65 0.19 2.21 4.16 2.59 l,O 
R2 12.7% 96.6% 24.0% 82.0% 86.3% 78.2% 93.1% O'\ 
163 B95/Bl04 7.44 ± 0.13 228.00 ± 0.16 8.35 ± 1.59 7.98 ± 1.24 256.00 ± 1.49 127.75 ± 1.25 85.00 ± 0.22 
164 B95/B97 /2/B95/3/B I 04 7.30 ± 0.27 221.00 ± 0.32 11.50 ± 3.18 9.90 ± 2.47 259.00 ± 2.98 123.00 ± 2.51 84.00 ± 0.45 
165 B95/B97/2/B104 7.32 ± 0.27 212.00 ± 0.32 6.80 ± 3.18 8.30 ± 2.47 260.00 ± 2.98 125.00 ± 2.51 84.00 ± 0.45 
166 B95/B97/2/B104 7.44 ± 0.27 215.00 ± 0.32 6.20 ± 3.18 12.80 ± 2.47 257.00 ± 2.98 125.00 ± 2.51 85.00 ± 0.45 
167 B95/B97 /2/B97 /3/B 104 7.71 ± 0.27 211.00 ± 0.32 7.40 ± 3.18 11.20 ± 2.47 258.00 ± 2.98 125.00 ± 2.51 85.00 ± 0.45 
168 B97/Bl04 7.72 ± 0.13 199.75 ± 0.16 10.70 ± 1.59 16.60 ± 1.24 260.25 ± 1.49 122.50 ± 1.25 83.50 ± 0.22 
MODEL I 
mT 7.53 ± 0.08 214.17 ± 0.09 9.01 ± 0.92 11.71 ± 0.71 258.25 ± 0.86 124.92 ± 0.72 84.33 ± 0.13 
dT -0.16 ± 0.09 13.88 ± 0.11 -0.86 ± 1.09 -4.14 ± 0.85 -1.94 ± 1.02 2.35 ± 0.86 0.65 ± 0.15 
x2(4) 1.49 207.99** 2.80 3.67 1.06 1.92 10.54* 
R2 67.2% 98.8% 18.3% 86.6% 77.2% 79.5% 62.8% 
MODEL2 
mT 7.42 ± 0.15 214.64 ± 0.18 7.54 ± 1.81 10.34 ± 1.40 258.54 ± 1.69 124.51 ± 1.42 84.53 ± 0.25 
dT -0.16 ± 0.09 13.88 ± 0.11 -0.86 ± 1.09 -4.14 ± 0.85 -1.94 ± 1.02 2.35 ± 0.86 0.65 ± 0.15 
? 0.17 ± 0.18 -0.67 ± 0.22 2.07 ± 2.20 1.93 ± 1.71 -0.42 ± 2.06 0.57 ± 1.73 -0.28 ± 0.31 
x2 (3) 0.67 198.45** 1.91 2.39 1.02 1.81 9.73* 
R2 85.2% 98.8% 44.2% 91.3% 78.1% 80.7% 65.7% 
Table B2. ( continued) 
Phenotypic traits 
Pedi~ree Grain ~ield Grain moisture Root lod~ing Stalk lodging Plant height Ear height Silk date 
Mgha·1 gkg•I % % cm cm Days after planting 
169 895/8104 7.44 ± 0.13 228.00 ± 0.16 8.35 ± 1.59 7.98 ± 1.24 256.00 ± 1.49 127.75 ± 1.25 85.00 ± 0.22 
170 895/899/2/895/3/B I 04 6.98 ± 0.27 223.00 ± 0.32 I 1.00 ± 3.18 9.50 ± 2.47 260.00 ± 2.98 128.00 ± 2.51 85.00 ± 0.45 
171 895/899/2/B I 04 7.49 ± 0.27 217.00 ± 0.32 9.90 ± 3.18 11.50 ± 2.47 259.00 ± 2.98 120.00 ± 2.51 85.00 ± 0.45 
172 895/899/2/B I 04 7.54 ± 0.27 211.00 ± 0.32 9.90 ± 3.18 IO.IO ± 2.47 263.00 ± 2.98 131.00 ± 2.51 84.00 ± 0.45 
173 895/899/2/899/3/8 I 04 7.57 ± 0.27 214.00 ± 0.32 8.50 ± 3.18 13.20 ± 2.47 267.00 ± 2.98 132.00 ± 2.51 83.00 ± 0.45 
174 899/8104 7.52 ± 0.13 206.75 ± 0.16 7.10 ± 1.59 14.28 ± 1.24 262.00 ± 1.49 126.25 ± 1.25 83.00 ± 0.22 
MODEL I 
mT 7.45 ± 0.08 217.00 ± 0.09 8.43 ± 0.92 ll.11 ± 0.71 260.08 ± 0.86 127.25 ± 0.72 84.08 ± 0.13 
dT -0.08 ± 0.09 10.53 ± 0.1 I 0.74 ± 1.09 -3.18 ± 0.85 -3.24 ± 1.02 0.47 ± 0.86 1.06 ± 0.15 
x2(4) 3.07 428.68** 1.33 0.23 5.61 14.74** 6.94 
R2 18.3% 95.7% 25.5% 98.4% 64.1% 2.0% 87.3% 
MODEL2 
mT 7.41 ± 0.15 215.74 ± 0.18 10.09 ± I.SI I 1.02 ± 1.40 262.43 ± 1.69 127.46 ± 1.42 84.32 ± 0.25 
dT -0.08 ± 0.09 10.53 ± 0.11 0.74 ± 1.09 -3.18 ± 0.85 -3.24 ± 1.02 0.47 ± 0.86 1.06 ± 0.15 
•T I 0.06 ± 0.18 1.78 ± 0.22 -2.35 ± 2.20 0.12 ± 1.71 -3.31 ± 2.06 -0.30 ± 1.73 -0.34 ± 0.31 
x2 (3) 2.95 361.84** 0.18 0.23 3.03 14.71 ** 5.74 '° R2 21.6% 96.3% 89.7% 98.4% 80.6% 2.2% 89.5% -...J
175 897/B104 7.72 ± 0.13 199.75 ± 0.16 10.70 ± 1.59 16.60 ± 1.24 260.25 ± 1.49 122.50 ± 1.25 83.50 ± 0.22 
176 897 /899/2/897 /3/8 I 04 7.69 ± 0.27 203.00 ± 0.32 9.60 ± 3.18 17.60 ± 2.47 254.00 ± 2.98 119.00 ± 2.51 83.00 ± 0.45 
177 897/899/2/8104 7.28 ± 0.27 200.00 ± 0.32 9.60 ± 3.18 12.30 ± 2.47 267.00 ± 2.98 124.00 ± 2.51 84.00 ± 0.45 
I 78 897 /899/2/B 104 8.08 ± 0.27 202.00 ± 0.32 6.70 ± 3.18 14.80 ± 2.47 258.00 ± 2.98 127.00 ± 2.51 83.00 ± 0.45 
179 897 /899/2/899/3/B I 04 7.25 ± 0.27 202.00 ± 0.32 9.40 ± 3.18 14.60 ± 2.47 266.00 ± 2.98 126.00 ± 2.51 84.00 ± 0.45 
180 899/8104 7.52 ± 0.13 206.75 ± 0.16 7.10 ± 1.59 14.28 ± 1.24 262.00 ± 1.49 126.25 ± 1.25 83.00 ± 0.22 
MODEL I 
mT 7.61 ± 0.08 202.75 ± 0.09 8.88 ± 0.92 15.23 ± 0.71 261.17 ± 0.86 124.25 ± 0.72 83.33 ± 0.13 
dT 0.12 ± 0.09 -3.24 ± 0.1 I 1.71 ± 1.09 1.27 ± 0.85 -1.53 ± 1.02 -2.18 ± 0.86 0.18 ± 0.15 
x.2 (4) 5.98 197.79** 0.71 2.00 11.80* 4.16 7.01 
R2 22.4% 81.8% 77.3% 52.9% 15.9% 60.6% 15.9% 
MODEL2 
mT 7.59 ± 0.15 201.45 ± 0.18 8.70 ± 1.81 14.54 ± 1.40 261.48 ± 1.69 124.21 ± 1.42 83.53 ± 0.25 
dT 0.12 ± 0.09 -3.24 ± 0.1 I 1.71 ± 1.09 1.27 ± 0.85 -1.53 ± 1.02 -2.18 ± 0.86 0.18 ± 0.15 
jT 0,03 ± 0.18 1.84 ± 0.22 0.24 ± 2.20 0.98 ± 1.71 -0.44 ± 2.06 0.06 ± 1.73 -0.28 ± 0.31 
x.2 (3) 5.96 126.43** 0.70 1.66 11.76** 4.16 6.20 
R2 22.7% 88.4% 77.7% 60.7% 16.2% 60.6% 25.6% 
Table B3. Agronomic data for B97 testcross progeny sets from epistasis study grown at Ames, Carroll, Crawfordsville, 
Fairfield, and Rippey, IA, in 1999 and 2000. Parameter estimates and standard errors from fitting testcross generation 
means to Melchinger's (1987) Model 1 and Model 2. 
Phenotypic traits 
Pedigree Grain lield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha-1 gkg-1 % % cm cm Days after planting 
61 B14A/B97 6.13 ± 0.15 146.67 ± 0.18 7.30 ± 1.84 18.63 ± 1.43 255.67 ± 1.72 119.67 ± 1.45 82.00 ± 0.32 
62 B14A/B37//Bl4A/3/B97 6.79 ± 0.27 168.00 ± 0.32 8.40 ± 3.18 12.40 ± 2.47 254.00 ± 2.98 119.00 ± 2.51 82.00 ± 0.45 
63 B14A/B37/2/B97 6.36 ± 0.27 171.00 ± 0.32 8.50 ± 3.18 19.00 ± 2.47 258.00 ± 2.98 121.00 ± 2.51 83.00 ± 0.45 
64 B14A/B37)-B/2/B97 6.50 ± 0.27 173.00 ± 0.32 8.80 ± 3.18 18.60 ± 2.47 263.00 ± 2.98 123.00 ± 2.51 82.00 ± 0.45 
65 B14A/B37//B37/3/B97 6.28 ± 0.27 180.00 ± 0.32 3.80 ± 3.18 22.40 ± 2.47 255.00 ± 2.98 122.00 ± 2.51 81.00 ± 0.45 
66 B37/897 6.19 ± 0.13 181.00 ± 0.16 7.23 ± 1.59 18.95 ± 1.24 250.00 ± 1.49 115.75 ± 1.25 82.00 ± 0.22 
MODEL I 
mT 6.28 ± 0.08 167.24 ± 0.10 7.33 ± 0.97 18.48 ± 0.75 254.53 ± 0.90 118.98 ± 0.76 82.02 ± 0.15 
dT 0.02 ± 0.10 -16.37 ± 0.12 0.35 ± 1.17 -0.86 ± 0.91 2.80 ± I.JO 1.80 ± 0.92 0.08 ± 0.18 
x2(4) 5.88 2285. I I** 1.60 7.86 12.50* 7.66 9.80* 
R2 1.0% 89.7% 5.3% 10.2% 34.4% 33.2% 2.1% 
MODEL2 
mT 6.51 ± 0.15 173.91 ± 0.18 7.60 ± 1.81 18.15 ± 1.40 258.57 ± 1.69 121.80 ± 1.42 82.08 ± 0.25 
dT 0.01 ± 0.10 -16.79 ± 0.12 0.33 ± 1.17 -0.84 ± 0.91 2.55 ± I.JO 1.62 ± 0.93 O.D7 ± 0.19 '° 00 
jT -0.34 ± 0.19 -9.84 ± 0.22 -0.39 ± 2.25 0.48 ± 1.75 -5.96 ± 2.11 -4.16 ± 1.78 -0.11 ± 0.33 
x2 (3) 2.57 349.80** 1.57 7.78 4.53 2.17 9.69* 
R2 56.6% 98.4% 7.1% 11.0% 76.2% 81.1% 3.1% 
67 B14A/B97 6.13 ± 0.15 146.67 ± 0.18 7.30 ± 1.84 18.63 ± 1.43 255.67 ± 1.72 119.67 ± 1.45 82.00 ± 0.32 
68 B14A/B73//Bl4A/3/B97 6.49 ± 0.27 171.00 ± 0.32 5.50 ± 3. 18 11.20 ± 2.47 260.00 ± 2.98 126.00 ± 2.51 82.00 ± 0.45 
69 B14A/B73/2/B97 7.30 ± 0.27 177.00 ± 0.32 11.00 ± 3.18 11.20 ± 2.47 269.00 ± 2.98 125.00 ± 2.51 83.00 ± 0.45 
70 B14A/B73)-B/2/B97 7.17 ± 0.27 176.00 ± 0.32 9.20 ± 3. 18 19.50 ± 2.47 265.00 ± 2.98 125.00 ± 2.51 83.00 ± 0.45 
71 B 14A/B73//B73/3/B97 7.72 ± 0.27 187.00 ± 0.32 8.20 ± 3.18 13.60 ± 2.47 270.00 ± 2.98 128.00 ± 2.51 84.00 ± 0.45 
72 B73/897 8.00 ± 0.13 191.25 ± 0.16 9.30 ± 1.59 13.20 ± 1.24 269.50 ± 1.49 132.75 ± 1.25 82.50 ± 0.22 
MODEL I 
mT 7.10 ± 0.08 172.23 ± 0.10 8.35 ± 0.97 15.13 ± 0.75 263.82 ± 0.90 126. 16 ± 0.76 82.54 ± 0.15 
dT -0.95 ± 0.10 -21.44 ± 0.12 -I.II ± 1.17 2.27 ± 0.91 -6.96 ± 1.10 -6.25 ± 0.92 -0.30 ± 0.18 
x2(4) 1.35 2178.59** 1.34 10.68* 5.22 2.19 14.34** 
R2 98.6% 94.0% 40.0% 36.9% 88.5% 95.5% 15.6% 
MODEL2 
mT 7.19 ± 0.15 178.57 ± 0.18 8.77 ± 1.81 13.89 ± 1.40 266.58 ± 1.69 125.80 ± 1.42 83.09 ± 0.25 
dT -0.96 ± 0.10 -21.84 ± 0.12 -1.13 ± 1.17 2.35 ± 0.91 -7.13 ± 1.10 -6.22 ± 0.93 -0.40 ± 0.19 
? -0.14 ± 0.19 -9.35 ± 0.22 -0.62 ± 2.25 1.84 ± 1.75 -4.07 ± 2.11 0.53 ± 1.78 -0.88 ± 0.33 
x2 (3) 0.82 431.12** 1.27 9.58* 1.51 2.10 7.25 
R2 99.2% 98.8% 43.3% 43.4% 96.7% 95.6% 57.3% 
*, ** Significant at the 0.05 and 0.01 levels, respectively. 
Table B3. (continued) 
Phenotypic traits 
Pedigree Grain l}eld Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha·1 gkg·' % % cm cm Days after planting 
73 BI4A/B97 6.13 ± 0.15 146.67 ± 0.18 7.30 ± 1.84 18.63 ± 1.43 255.67 ± 1.72 119.67 ± 1.45 82.00 ± 0.32 
74 B14A/884//814A/3/897 6.95 ± 0.27 174.00 ± 0.32 14.10 ± 3.18 14.50 ± 2.47 264.00 ± 2.98 127.00 ± 2.51 83.00 ± 0.45 
75 B14A/884/2/897 7.80 ± 0.27 180.00 ± 0.32 11.40 ± 3.18 18.00 ± 2.47 267.00 ± 2.98 132.00 ± 2.51 82.00 ± 0.45 
76 BI4A/884-B/2/897 6.70 ± 0.27 177.00 ± 0.32 12.20 ± 3.18 18.40 ± 2.47 264.00 ± 2.98 129.00 ± 2.51 83.00 ± 0.45 
77 B14A/884//884/3/897 7.37 ± 0.27 184.00 ± 0.32 10.30 ± 3.18 19.70 ± 2.47 269.00 ± 2.98 132.00 ± 2.51 83.00 ± 0.45 
78 884/897 7.93 ± 0.13 189.75 ± 0.16 17.65 ± 1.59 21.93 ± 1.24 271.00 ± 1.49 134.50 ± 1.25 83.25 ± 0.22 
MODEL 1 --;r 7.09 ± 0.08 172.16 ± 0.10 12.36 ± 0.97 19.29 ± 0.75 264.33 ± 0.90 128.17 ± 0.76 82.69 ± 0.15 
dT -0.86 ± 0.10 -20.25 ± 0.12 -4.59 ± 1.17 -2.01 ± 0.91 -7.36 ± 1.10 -7.11 ± 0.92 -0.56 ± 0.18 
x2(4) 11.23* 3417.74** 3.83 3.95 2.97 4.66 4.77 
R2 87.3% 89.9% 80.1% 55.4% 93.8% 92.7% 66.5% 
MODEL2 
mT 7.23 ± 0.15 179.94 ± 0.18 11.90 ± 1.81 17.44 ± 1.40 266.23 ± 1.69 130.43 ± 1.42 82.72 ± 0.25 
dT -0.87 ± 0.10 -20.74 ± 0.12 -4.56 ± 1.17 -1.90 ± 0.91 -7.48 ± 1.10 -7.25 ± 0.93 -0.56 ± 0.19 
iT -0.20 ± 0.]9 -11.48 ± 0.22 0.67 ± 2.25 2.73 ± 1.75 -2.80 ± 2.11 -3.33 ± 1.78 -0.05 ± 0.33 
x2 (3) 10.05* 783.09** 3.74 1.51 1.21 1.15 4.75 I.O 
R2 88.6% 97.7% 80.6% 83.0% 97.5% 98.2% 66.7% I.O 
79 814A/B97 6.13 ± 0.15 146.67 ± 0.18 7.30 ± 1.84 18.63 ± 1.43 255.67 ± 1.72 119.67 ± 1.45 82.00 ± 0.32 
80 B14A/894//814A/3/B97 6.66 ± 0.27 180.00 ± 0.32 3.90 ± 3.18 11.10 ± 2.47 259.00 ± 2.98 123.00 ± 2.51 84.00 ± 0.45 
81 BI 4A/B94/2/897 6.79 ± 0.27 184.00 ± 0.32 5.40 ± 3.18 14.90 ± 2.47 260.00 ± 2.98 124.00 ± 2.51 83.00 ± 0.45 
82 814A/B94-B/2/B97 7.11 ± 0.27 181.00 ± 0.32 4.70 ± 3.18 16.00 ± 2.47 267.00 ± 2.98 128.00 ± 2.51 82.00 ± 0.45 
83 Bl4A/B94//B94/3/B97 6.97 ± 0.27 194.00 ± 0.32 3.10 ± 3.18 15.40 ± 2.47 262.00 ± 2.98 127.00 ± 2.51 83.00 ± 0.45 
84 B94/897 7.15 ± 0.13 195.75 ± 0.16 4.40 ± 1.59 14.58 ± 1.24 262.00 ± 1.49 122.50 ± 1.25 82.75 ± 0.22 
MODEL 1 
mT 6.73 ± 0.08 176.26 ± 0.10 5.27 ± 0.97 15.74 ± 0.75 260.00 ± 0.90 122.69 ± 0.76 82.66 ± 0.15 
dT -0.49 ± 0.10 -23.17 ± 0.12 1.33 ± 1.17 1.49 ± 0.91 -3.00 ± 1.10 -1.37 ± 0.92 -0.18 ± 0.18 
/(4) 3.31 5330.62** 0.89 5.93 6.61 9.84* 15.76** 
R2 88.2% 88.2% 59.1% 31.2% 53.1% 18.4% 5.9% 
MODEL2 --;r 6.92 ± 0.15 185.96 ± 0.18 4.22 ± 1.81 14.28 ± 1.40 262.63 ± 1.69 126.11 ± 1.42 82.98 ± 0.25 
dT -0.50 ± 0.10 -23.78 ± 0.12 1.40 ± 1.17 1.58 ± 0.91 -3.17 ± 1.10 -1.59 ± 0.93 -0.24 ± 0.19 
? -0.28 ± 0.19 -14.32 ± 0.22 1.54 ± 2.25 2.15 ± 1.75 -3.88 ± 2.11 -5.04 ± 1.78 -0.51 ± 0.33 
x2 (3) 1.05 1236.64** 0.43 4.41 3.23 1.77 13.40** 
R2 96.3% 97.3% 80.5% 48.8% 77.1% 85.3% 20.0% 
Table B3. (continued) 
Phenotypic traits 
Pedigree Grain ~ield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha-1 gkfl % % cm cm Days after planting 
85 B37/B97 6.19 ± 0.13 181.00 ± 0.16 7.23 ± 1.59 18.95 ± 1.24 250.00 ± 1.49 115.75 ± 1.25 82.00 ± 0.22 
86 B37/B73//B37/3/B97 6.84 ± 0.27 185.00 ± 0.32 9.80 ± 3.18 20.90 ± 2.47 256.00 ± 2.98 121.00 ± 2.51 82.00 ± 0.45 
87 B37/B73/2/B97 7.24 ± 0.27 187.00 ± 0.32 10.10 ± 3.18 15.60 ± 2.47 265.00 ± 2.98 127.00 ± 2.51 83.00 ± 0.45 
88 B37/B73)-B/2/B97 7.48 ± 0.27 185.00 ± 0.32 10.50 ± 3.18 21.40 ± 2.47 258.00 ± 2.98 122.00 ± 2.51 82.00 ± 0.45 
89 B37/B73//B73/3/B97 7.58 ± 0.27 191.00 ± 0.32 8.20 ± 3.18 17.30 ± 2.47 269.00 ± 2.98 130.00 ± 2.51 82.00 ± 0.45 
90 B73/B97 8.00 ± 0.13 191.25 ± 0.16 9.30 ± 1.59 13.20 ± 1.24 269.50 ± 1.49 132.75 ± 1.25 82.50 ± 0.22 
MODEL 1 
mT 7.16 ± 0.08 186.42 ± 0.09 8.73 ± 0.92 16.98 ± 0.71 260.50 ± 0.86 124.50 ± 0.72 82.25 ± 0.13 
dT -0.90 ± 0.09 -5.18 ± 0.11 -0.88 ± 1.09 2.92 ± 0.85 -9.94 ± 1.02 -8.53 ± 0.86 -0.24 ± 0.15 
x2(4) 2.30 84.02** 1.00 6.08 4.94 2.40 3.90 
R2 97.7% 96.4% 39.4% 66.0% 95.0% 97.6% 37.7% 
MODEL2 
-----;r 7.32 ± 0.15 186.94 ± 0.18 9.92 ± 1.81 19.07 ± 1.40 262.18 ± 1.69 125.00 ± 1.42 82.29 ± 0.25 
dT -0.90 ± 0.09 -5.18 ± 0.11 -0.88 ± 1.09 2.92 ± 0.85 -9.94 ± 1.02 -8.53 ± 0.86 -0.24 ± 0.15 
iT -0.23 ± 0.18 -0.73 ± 0.22 -1.69 ± 2.20 -2.95 ± 1.71 -2.38 ± 2.06 -0.71 ± 1.73 -0.06 ± 0.31 
x2 (3) 0.71 72.72** 0.41 3.09 3.61 2.23 3.86 ...... 0 R2 99.3% 96.9% 75.3% 82.7% 96.4% 97.8% 38.2% 0 
91 B37/B97 6.19 ± 0.13 181.00 ± 0.16 7.23 ± 1.59 18.95 ± 1.24 250.00 ± 1.49 115.75 ± 1.25 82.00 ± 0.22 
92 B37/884//B37/3/B97 NA NA NA NA NA NA NA 
93 B37/B84/2/B97 7.27 ± 0.27 190.00 ± 0.32 17.00 ± 3.18 22.50 ± 2.47 267 .00 ± 2.98 134.00 ± 2.51 83.00 ± 0.45 
94 B37/B84)-B/2/B97 7.22 ± 0.27 192.00 ± 0.32 10.30 ± 3.18 19.90 ± 2.47 258.00 ± 2.98 128.00 ± 2.51 83.00 ± 0.45 
95 B37/884//884/3/897 7.48 ± 0.27 185.00 ± 0.32 15.00 ± 3.18 22.80 ± 2.47 271.00 ± 2.98 131.00 ± 2.51 82.00 ± 0.45 
96 B84/B97 7.93 ± 0.13 189.75 ± 0.16 17.65 ± 1.59 21.93 ± 1.24 271.00 ± 1.49 134.50 ± 1.25 83.25 ± 0.22 
MODEL 1 
-----;r 7.09 ± 0.08 186.17 ± 0.10 12.65 ± 0.96 20.72 ± 0.75 261.33 ± 0.90 126.30 ± 0.76 82.61 ± 0.14 
dT -0.87 ± 0.09 -4.17 ± 0.11 -5.20 ± 1.11 -1.57 ± 0.86 -10.77 ± 1.04 -9.38 ± 0.88 -0.57 ± 0.16 
x2(4) 0.86 646.45** 2.45 1.01 7.61 11.62* 5.66 
R2 99.0% 68.9% 89.9% 76.5% 93.4% 90.8% 70.2% 
MODEL2 --;r 7.20 ± 0.17 189.07 ± 0.20 13.38 ± 2.00 21.50 ± 1.55 263.57 ± 1.87 130.09 ± 1.57 82.65 ± 0.28 
dT -0.86 ± 0.09 -4.05 ± 0.11 -5.17 ± 1.11 -1.54 ± 0.86 -10.68 ± 1.04 -9.22 ± 0.88 -0.57 ± 0.16 
iT -0.15 ± 0.19 -3.86 ± 0.23 -0.96 ± 2.33 -1.04 ± 1.81 -2.98 ± 2.18 -5.04 ± 1.84 -0.06 ± 0.33 
x2 (3) 0.27 368.29** 2.28 0.69 5.75 4.10 5.63 
R2 99.7% 82.3% 90.6% 84.1% 95.0% 96.8% 70.4% 
Table B3. (continued) 
Phenotypic traits 
Pedi~ee Grain ield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha-1 gki' % % cm cm Days after planting 
97 B37/B97 6.19 ± 0.13 181.00 ± 0.16 7.23 ± 1.59 18.95 ± 1.24 250.00 ± 1.49 115.75 ± 1.25 82.00 ± 0.22 
98 B37/894//837/3/B97 6.92 ± 0.27 185.00 ± 0.32 4.70 ± 3.18 21.40 ± 2.47 254.00 ± 2.98 121.00 ± 2.51 82.00 ± 0.45 
99 B37/894/2/897 6.86 ± 0.27 193.00 ± 0.32 8.60 ± 3.18 17.00 ± 2.47 259.00 ± 2.98 122.00 ± 2.51 84.00 ± 0.45 
100 B37/894)-8/2/B97 6.75 ± 0.27 193.00 ± 0.32 5.20 ± 3.18 18.40 ± 2.47 263.00 ± 2.98 126.00 ± 2.51 83.00 ± 0.45 
IO 1 B3 7 /894//894/3/897 6.94 ± 0.27 200.00 ± 0.32 4.60 ± 3.18 17.70 ± 2.47 259.00 ± 2.98 121.00 ± 2.51 83.00 ± 0.45 
102 B94/B97 7.15 ± 0.13 195.75 ± 0.16 4.40 ± 1.59 14.58 ± 1.24 262.00 ± 1.49 122.50 ± 1.25 82.75 ± 0.22 
MODEL 1 
mT 6.74 ± 0.08 189.83 ± 0.09 5.80 ± 0.92 17.38 ± 0.71 256.92 ± 0.86 120.25 ± 0.72 82.58 ± 0.13 
dT -0.46 ± 0.09 -7.82 ± 0.11 1.34 ± 1.09 2.28 ± 0.85 -5.94 ± 1.02 -3.18 ± 0.86 -0.41 ± 0.15 
x2(4) 3.21 786.52** 1.15 2.41 5.49 8.37 13.63** 
R2 88.6% 86.9% 56.5% 74.9% 86.0% 61.9% 34.6% 
MODEL2 
mT 6.88 ± 0.15 193.31 ± 0.18 5.96 ± 1.81 18.69 ± 1.40 259.46 ± 1.69 123.15 ± 1.42 83.16 ± 0.25 
dT -0.46 ± 0.09 -7.82 ± 0.11 1.34 ± 1.09 2.28 ± 0.85 -5.94 ± 1.02 -3.18 ± 0.86 -0.41 ± 0.15 
iT -0.21 ± 0.18 -4.91 ± 0.22 -0.23 ± 2.20 -1.85 ± 1.71 -3.58 ± 2.06 -4.10 ± 1.73 -0.81 ± 0.31 
x2 (3) 1.96 279.06** 1.14 1.24 2.46 2.76 6.69 -0 R2 93.0% 95.3% 56.9% 87.1% 93.7% 87.5% 67.9% -
103 B73/897 8.00 ± 0.13 191.25 ± 0.16 9.30 ± 1.59 13.20 ± 1.24 269.50 ± 1.49 132.75 ± 1.25 82.50 ± 0.22 
104 B73/884//873/3/897 8.34 ± 0.27 193.00 ± 0.32 9.40 ± 3.18 14.00 ± 2.47 270.00 ± 2.98 133.00 ± 2.51 83.00 ± 0.45 
105 B73/B84/2/897 7.99 ± 0.27 189.00 ± 0.32 15.20 ± 3.18 19.50 ± 2.47 271.00 ± 2.98 133.00 ± 2.51 83.00 ± 0.45 
106 B73/884)-8/2/897 8.02 ± 0.27 190.00 ± 0.32 14.70 ± 3. 18 18.00 ± 2.47 272.00 ± 2.98 138.00 ± 2.51 83.00 ± 0.45 
107 B73/884//884/3/B97 8.06 ± 0.27 192.00 ± 0.32 19.60 ± 3.18 19.90 ± 2.47 270.00 ± 2.98 133.00 ± 2.51 83.00 ± 0.45 
108 B84/897 7.93 ± 0.13 189.75 ± 0.16 17.65 ± 1.59 21.93 ± 1.24 271.00 ± 1.49 134.50 ± 1.25 83.25 ± 0.22 
MODEL 1 --;r 8.01 ± 0.08 190.67 ± 0.09 13.89 ± 0.92 17.66 ± 0.71 270.42 ± 0.86 133.83 ± 0.72 82.92 ± 0.13 
dT 0.05 ± 0.09 0.76 ± 0.11 -4.53 ± 1.09 -4.45 ± 0.85 -0.71 ± 1.02 -0.82 ± 0.86 -0.35 ± 0.15 
x2(4) 1.67 101.96** 2.13 0.93 0.41 3.20 0.54 
R2 16.1% 32.8% 89.0% 96.7% 53.5% 22.2% 90.8% 
MODEL2 --;r 8.10 ± 0.15 190.81 ± 0.18 14.91 ± 1.81 18.04 ± 1.40 270.94 ± 1.69 134.53 ± 1.42 83.01 ± 0.25 
dT 0.05 ± 0.09 0.76 ± 0.11 -4.53 ± 1.09 -4.45 ± 0.85 -0.71 ± 1.02 -0.82 ± 0.86 -0.35 ± 0.15 
? -0.13 ± 0.18 -0.20 ± 0.22 -1.44 ± 2.20 -0.53 ± 1.71 -0.73 ± 2.06 -0.99 ± 1.73 -0.14 ± 0.31 
x2(3) 1.15 101.14** 1.70 0.83 0.29 2.87 0.34 
R2 42.1% 33.3% 91.2% 97.1% 67.8% 30.2% 94.2% 
Table B3. ( continued) 
Phenotypic traits 
Pedigree Grain l}eld Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha·' gkg·' % % cm cm Days after planting 
109 B73/B97 8.00 ± 0.13 191.25 ± 0.16 9.30 ± 1.59 13.20 ± 1.24 269.50 ± 1.49 132.75 ± 1.25 82.50 ± 0.22 
110 B73/894//B73/3/897 7.58 ± 0.27 I 93.00 ± 0.32 9.60 ± 3.18 19.30 ± 2.47 268.00 ± 2.98 131.00 ± 2.51 83.00 ± 0.45 
111 B73/894/2/897 7.75 ± 0.27 195.00 ± 0.32 5.20 ± 3.18 17.20 ± 2.47 273.00 ± 2.98 133 .00 ± 2.51 83.00 ± 0.45 
112 B73/894)-B/2/897 7.26 ± 0.27 196.00 ± 0.32 9.00 ± 3.18 15.60 ± 2.47 272.00 ± 2.98 130.00 ± 2.51 83.00 ± 0.45 
113 B73/894//894/3/897 7.25 ± 0.27 200.00 ± 0.32 3.20 ± 3.18 18.30 ± 2.47 269.00 ± 2.98 127.00 ± 2.51 83.00 ± 0.45 
114 B94/897 7.15 ± 0.13 195.75 ± 0.16 4.40 ± 1.59 14.58 ± 1.24 262.00 ± 1.49 122.50 ± 1.25 82.75 ± 0.22 
MODEL I 
-----;;;'i' 7.54 ± 0.08 194.33 ± 0.09 6.82 ± 0.92 15.13 ± 0.71 267.33 ± 0.86 128.50 ± 0.72 82.75 ± 0.13 
dT 0.42 ± 0.09 -2.53 ± 0.11 2.68 ± 1.09 -0.59 ± 0.85 3.47 ± 1.02 5.06 ± 0.86 -0.12 ± 0.15 
x2(4) 2.37 287.84** 1.49 7.37 9.81* 4.72 1.91 
R2 89.8% 65.4% 80.2% 6.1% 54.0% 88.0% 23.5% 
MODEL2 
7.45 ± 0.15 196.21 ± 0.18 6.80 ± 1.81 17.84 ± 1.40 271.40 ± 1.69 130.77 ± 1.42 83.04 ± 0.25 
dT 0.42 ± 0.09 -2.53 ± 0.11 2.68 ± 1.09 -0.59 ± 0.85 3.47 ± 1.02 5.06 ± 0.86 -0.12 ± 0. 15 
? 0.12 ± 0.18 -2.65 ± 0.22 0.03 ± 2.20 -3.83 ± 1.71 -5.74 ± 2.06 -3.21 ± 1.73 -0.42 ± 0.31 
x2 (3) 1.96 139.69** 1.49 2.33 2.01 1.28 0.09 ........ 
0 R2 91.6% 83.2% 80.2% 70.4% 90.6% 96.7% 96.3% N 
115 B84/B97 7.93 ± 0.13 189.75 ± 0.16 17.65 ± 1.59 21.93 ± 1.24 271.00 ± 1.49 134.50 ± 1.25 83.25 ± 0.22 
116 B84/894//884/3/897 7.65 ± 0.27 196.00 ± 0.32 21.90 ± 3.18 22.20 ± 2.47 267.00 ± 2.98 135.00 ± 2.51 84.00 ± 0.45 
117 B84/894/2/897 7.71 ± 0.27 I 98.00 ± 0.32 6.00 ± 3.18 21.10 ± 2.47 277.00 ± 2.98 135.00 ± 2.5 I 83.00 ± 0.45 
118 B84/894)-B/2/897 7.82 ± 0.27 200.00 ± 0.32 8.80 ± 3.18 19.60 ± 2.47 271.00 ± 2.98 132.00 ± 2.51 83.00 ± 0.45 
119 B84/B94//894/3/897 7.40 ± 0.27 197.00 ± 0.32 5.10 ± 3.18 14.60 ± 2.47 270.00 ± 2.98 131.00 ± 2.51 83.00 ± 0.45 
120 B94/B97 7.15 ± 0.13 195.75 ± 0.16 4.40 ± 1.59 14.58 ± 1.24 262.00 ± 1.49 122.50 ± 1.25 82.75 ± 0.22 
MODEL I 
7.57 ± 0.08 194.42 ± 0.09 10.83 ± 0.92 18.63 ± 0.71 268.08 ± 0.86 130.08 ± 0.72 83.08 ± 0.13 
dT 0.38 ± 0.09 -2.88 ± 0.11 7.22 ± 1.09 3.91 ± 0.85 4.06 ± 1.02 5.88 ± 0.86 0.29 ± 0.15 
x2(4) 1.44 767.99** 8.95 2.54 15.16** 10.60* 3.41 
Rz 92.2% 47.9% 83.0% 89.3% 50.9% 81.5% 51.9% 
MODEL2 
7.68 ± 0.15 198.55 ± 0.18 9.87 ± 1.81 19.67 ± 1.40 272.28 ± 1.69 133.86 ± 1.42 83.24 ± 0.25 
dT 0.38 ± 0.09 -2.88 ± 0.11 7.22 ± 1.09 3.91 ± 0.85 4.06 ± 1.02 5.88 ± 0.86 0.29 ± 0.15 
iT -0.!5 ± 0.18 -5.84 ± 0.22 1.36 ± 2.20 -1.48 ± 1.71 -5.92 ± 2.06 -5.33 ± 1.73 -0.22 ± 0.31 
x2 (3) 0.81 49.96** 8.56* 1.79 6.87 1.13 2.91 
Rz 95.6% 96.6% 83.8% 92.5% 77.8% 98.0% 59.0% 
Table B4. Agronomic data for Bl 12 testcross progeny sets from epistasis study grown at Ames, Carroll, Crawfordsville, 
Fairfield, and Rippey, IA, in 1999 and 2000. Parameter estimates and standard errors from fitting testcross generation 
means to Melchinger's (1987) Model 1 and Model 2. 
Phenotypic traits 
Pedigree Grain ~ield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha-1 gkg-1 % % cm cm Days after planting 
Bl4A/8112 6.58 ± 0.13 160.75 ± 0.16 2.80 ± 1.59 15.50 ± 1.24 247.75 ± 1.49 116.25 ± 1.25 80.50 ± 0.22 
2 Bl4A/837//814A/3/Bl 12 6.48 ± 0.27 167.00 ± 0.32 1.50 ± 3.18 23.20 ± 2.47 245.00 ± 2.98 115.00 ± 2.51 80.00 ± 0.45 
3 Bl4A/837/2/Bl 12 6.27 ± 0.27 173.00 ± 0.32 1.80 ± 3.18 20.80 ± 2.47 248.00 ± 2.98 115.00 ± 2.51 81.00 ± 0.45 
4 Bl4A/837)-B/2/Bl 12 6.31 ± 0.27 173.00 ± 0.32 5.10 ± 3.18 21.90 ± 2.47 245.00 ± 2.98 115.00 ± 2.51 80.00 ± 0.45 
5 B14A/837//837/3/BI 12 6.20 ± 0.27 176.00 ± 0.32 1.20 ± 3.18 22.00 ± 2.47 250.00 ± 2.98 113.00 ± 2.51 81.00 ± 0.45 
6 837/8112 6.22 ± 0.13 178.00 ± 0.16 1.73 ± 1.59 20.38 ± 1.24 243.50 ± 1.49 113.25 ± 1.25 80.75 ± 0.22 
MODEL I 
mT 6.37 ± 0.08 170.33 ± 0.09 2.31 ± 0.92 19.28 ± 0.71 246.08 ± 0.86 114.67 ± 0.72 80.58 ± 0.13 
dT 0.19 ± 0.09 -8.65 ± 0.11 0.52 ± 1.09 -2.22 ± 0.85 1.71 ± 1.02 1.53 ± 0.86 -0.18 ± 0.15 
x2(4) 0.40 243.58** 0.98 8.47 3.87 0.20 4.51 
R2 91.2% 96.3% 19.0% 44.8% 41.8% 93.9% 22.7% 
MODEL2 
mT 6.30 ± 0.15 172.72 ± 0.18 2.59 ± 1.8 I 22.35 ± 1.40 247.08 ± 1.69 114.55 ± 1.42 80.49 ± 0.25 
dT 
,_. 
0.19 ± 0.09 -8.65 ± 0.11 0.52 ± 1.09 -2.22 ± 0.85 1.71 ± 1.02 1.53 ± 0.86 -0.18 ± 0.15 0 
? v.l 0.10 ± 0.18 -3.37 ± 0.22 -0.40 ± 2.20 -4.33 ± 1.71 -1.41 ± 2.06 0.16 ± 1.73 0.14 ± 0.31 
x2 (3) 0.09 5.13 0.95 2.03 3.40 0.20 4.31 
R2 98.1% 99.9% 21.8% 86.8% 48.8% 94.2% 26.2% 
7 Bl4A/8112 6.58 ± 0.13 160.75 ± 0.16 2.80 ± 1.59 15.50 ± 1.24 247.75 ± 1.49 116.25 ± 1.25 80.50 ± 0.22 
8 Bl4A/873//814A/3/BI 12 7.12 ± 0.27 167 .00 ± 0.32 1.10 ± 3.18 19.20 ± 2.47 249.00 ± 2.98 121.00 ± 2.51 80.00 ± 0.45 
9 B14A/873/2/8112 7.49 ± 0.27 172.00 ± 0.32 0.50 ± 3.18 18.60 ± 2.47 251.00 ± 2.98 120.00 ± 2.51 81.00 ± 0.45 
10 Bl4A/873-B/2/BI 12 6.71 ± 0.27 173.00 ± 0.32 1.30 ± 3.18 26.40 ± 2.47 255.00 ± 2.98 120.00 ± 2.51 80.00 ± 0.45 
11 Bl4A/873//873/3/BI 12 7.12 ± 0.27 180.00 ± 0.32 2.80 ± 3.18 20.10 ± 2.47 249.00 ± 2.98 119.00 ± 2.51 80.00 ± 0.45 
12 873/B112 7.51 ± 0.13 186.75 ± 0.16 1.13 ± 1.59 21.88 ± 1.24 254.25 ± 1.49 122.00 ± 1.25 80.00 ± 0.22 
MODEL I 
mT 7.07 ± 0.08 173.50 ± 0.09 1.78 ± 0.92 19.48 ± 0.71 251.00 ± 0.86 119.42 ± 0.72 80.25 ± 0.13 
dT -0.44 ± 0.09 -13.00 ± 0.11 0.69 ± 1.09 -3.05 ± 0.85 -3.06 ± 1.02 -2.59 ± 0.86 0.24 ± 0.15 
x2(4) 5.87 30.00** 0.52 9.18 3.26 2.10 3.90 
R2 79.6% 99.8% 43.5% 58.5% 73.3% 81.2% 37.7% 
MODEL2 
----;r 7.12 ± 0.15 172.83 ± 0.18 1.27 ± 1.81 21.60 ± 1.40 251.34 ± 1.69 120.10 ± 1.42 80.29 ± 0.25 
dT -0.44 ± 0.09 -13.00 ± 0.1 I 0.69 ± 1.09 -3.05 ± 0.85 -3.06 ± 1.02 -2.59 ± 0.86 0.24 ± 0.15 
? -0.07 ± 0.18 0.95 ± 0.22 0.72 ± 2.20 -2.99 ± 1.71 -0.48 ± 2.06 -0.97 ± 1.73 -0.06 ± 0.31 
x2(3) 5.74 10.99* 0.41 6.12 3.20 1.78 3.86 
R2 80.1% 99.9% 55.4% 72.4% 73.7% 84.0% 38.2% 
* ,** Significant at the 0.05 and 0.01 levels, respectively. 
Table B4. ( continued) 
Phenotypic traits 
Pedigree Grain ~}eld Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha·1 g kg-I % % cm cm Days after planting 
13 B14A/Bl 12 6.58 ± 0.13 160.75 ± 0.16 2.80 ± 1.59 15.50 ± 1.24 247.75 ± 1.49 116.25 ± 1.25 80.50 ± 0.22 
14 B14A/B84//Bl4A/3/BI 12 6.95 ± 0.27 169.00 ± 0.32 1.20 ± 3.18 23.30 ± 2.47 250.00 ± 2.98 117.00 ± 2.51 80.00 ± 0.45 
15 B14A/884/2/Bl12 7.10 ± 0.27 178.00 ± 0.32 1.50 ± 3.18 26.60 ± 2.47 258.00 ± 2.98 127.00 ± 2.51 81.00 ± 0.45 
16 B14A/B84-B/2/B112 7.44 ± 0.27 177.00 ± 0.32 0.90 ± 3.18 26.20 ± 2.47 255.00 ± 2.98 125.00 ± 2.51 80.00 ± 0.45 
17 B14A/B84//B84/3/Bl 12 7.66 ± 0.27 184.00 ± 0.32 1.20 ± 3.18 24.40 ± 2.47 255.00 ± 2.98 123.00 ± 2.51 81.00 ± 0.45 
18 B84/Bll2 7.79 ± 0.13 193.50 ± 0.16 2.38 ± 1.59 24.50 ± 1.24 259.25 ± 1.49 124.75 ± 1.25 81.00 ± 0.22 
MODEL 1 
mT 7.22 ± 0.08 177.08 ± 0.09 2.13 ± 0.92 21.71 ± 0.71 253.83 ± 0.86 121.33 ± 0.72 80.67 ± 0.13 
dT -0.61 ± 0.09 -16.29 ± 0.11 0.20 ± 1.09 -4.30 ± 0.85 -5.71 ± 1.02 -4.35 ± 0.86 -0.29 ± 0.15 
x2(4) 1.30 24.31** 0.53 13.41 ** 2.63 8.91 4.66 
R2 97.2% 99.9% 6.0% 65.7% 92.2% 74.2% 44.1% 
MODEL2 
mT 7.30 ± 0.15 177.07 ± 0.18 1.04 ± 1.81 25.95 ± 1.40 254.96 ± 1.69 123.80 ± 1.42 80.47 ± 0.25 
dT -0.61 ± 0.09 -16.29 ± 0.11 0.20 ± 1.09 -4.30 ± 0.85 -5.71 ± 1.02 -4.35 ± 0.86 -0.29 ± 0.15 
iT -0.Jl ± 0.18 0.02 ± 0.22 1.54 ± 2.20 -5.99 ± 1.71 -1.58 ± 2.06 -3.49 ± 1.73 0.28 ± 0.31 
x2 (3) 0.95 24.31** 0.03 1.09 2.04 4.85 3.85 ...... 0 
R2 97.9% 99.9% 93.8% 97.2% 94.0% 85.9% 53.8% 
19 B14A/B112 6.58 ± 0.13 160.75 ± 0.16 2.80 ± 1.59 15.50 ± 1.24 247.75 ± 1.49 116.25 ± 1.25 80.50 ± 0.22 
20 814A/B94//Bl4A/3/Bl 12 6.62 ± 0.27 169.00 ± 0.32 0.40 ± 3.18 16.90 ± 2.47 241.00 ± 2.98 114.00 ± 2.51 81.00 ± 0.45 
21 B14A/B94/2/B112 6.40 ± 0.27 173.00 ± 0.32 0.60 ± 3.18 16.50 ± 2.47 251.00 ± 2.98 120.00 ± 2.51 81.00 ± 0.45 
22 814A/B94-B/2/B112 6.24 ± 0.27 178.00 ± 0.32 0.20 ± 3.18 16.90 ± 2.47 249.00 ± 2.98 118.00 ± 2.51 82.00 ± 0.45 
23 814A/B94//B94/3/Bl 12 6.12 ± 0.27 188.00 ± 0.32 0.90 ± 3.18 18.90 ± 2.47 252.00 ± 2.98 114.00 ± 2.51 82.00 ± 0.45 
24 894/8112 5.83 ± 0.13 192.00 ± 0.16 3.68 ± 1.59 11.98 ± 1.24 247.25 ± 1.49 112.25 ± 1.25 83.00 ± 0.22 
MODEL 1 
mT 6.25 ± 0.08 176.58 ± 0.09 2.33 ± 0.92 14.93 ± 0.71 247.75 ± 0.86 115.00 ± 0.72 81.67 ± 0.13 
dT 0.38 ± 0.09 -15.82 ± 0.11 -0.44 ± 1.09 1.54 ± 0.85 -0.41 ± 1.02 1.88 ± 0.86 -1.24 ± 0.15 
x2(4) 1.04 279.02** 1.95 6.87 8.46 6.73 3.48 
R2 94.4% 98.7% 7.7% 32.5% 1.9% 41.5% 94.9% 
MODEL2 -;r 6.36 ± 0.15 176.82 ± 0.18 0.18 ± 1.81 17.62 ± 1.40 248.63 ± 1.69 117.19 ± 1.42 81.47 ± 0.25 
dT 0.38 ± 0.09 -15.82 ± 0.11 -0.44 ± 1.09 1.54 ± 0.85 -0.41 ± 1.02 1.88 ± 0.86 -1.24 ± 0.15 
iT -0.15 ± 0.18 -0.34 ± 0.22 3.04 ± 2.20 -3.81 ± 1.71 -1.25 ± 2.06 -3.09 ± 1.73 0.28 ± 0.31 
x2 (3) 0.39 276.64** 0.03 1.88 8.09* 3.54 2.67 
R2 97.9% 98.7% 98.4% 81.5% 6.1% 69.2% 96.1% 
Table B4. (continued) 
Phenotypic traits 
Pedisree Grain lield Grain moisture Root lodsing Stalk lodging Plant height Ear height Silk date 
Mgha·1 g kg·l % % cm cm Days after planting 
25 B37/Bl 12 6.22 ± 0.13 178.00 ± 0.16 1.73 ± 1.59 20.38 ± 1.24 243.50 ± 1.49 113.25 ± 1.25 80.75 ± 0.22 
26 B37/B73//B37/3/Bl 12 6.66 ± 0.27 183.00 ± 0.32 5.40 ± 3.18 17.80 ± 2.47 253.00 ± 2.98 118. 00 ± 2. 51 81.00 ± 0.45 
27 B37/B73/2/Bl 12 7.20 ± 0.27 183.00 ± 0.32 2.70 ± 3.18 21.80 ± 2.47 247.00 ± 2.98 115.00 ± 2.51 81.00 ± 0.45 
28 B37/B73)-B/2/Bl 12 7.28 ± 0.27 187.00 ± 0.32 3.60 ± 3.18 21.20 ± 2.47 257.00 ± 2.98 119.00 ± 2.51 80.00 ± 0.45 
29 B37/B73//B73/3/Bl 12 7.34 ± 0.27 186.00 ± 0.32 3.30 ± 3.18 23.90 ± 2.47 250.00 ± 2.98 122.00 ± 2.51 80.00 ± 0.45 
30 B73/Bl 12 7.51 ± 0.13 186.75 ± 0.16 1.13 ± 1.59 21.88 ± 1.24 254.25 ± 1.49 122.00 ± 1.25 80.00 ± 0.22 
MODEL 1 --;r 6.95 ± 0.08 183.17 ± 0.09 2.20 ± 0.92 21.14 ± 0.71 249.83 ± 0.86 117.92 ± 0.72 80.42 ± 0.13 
dT -0.65 ± 0.09 -4.29 ± 0.11 0.41 ± 1.09 -1.06 ± 0.85 -4.88 ± 1.02 -4.35 ± 0.86 0.41 ± 0.15 
x2(4) 3.26 241.81 ** 1.75 2.30 11.83* 3.03 3.63 
R2 93.9% 86.6% 7.3% 40.6% 65.8% 89.4% 66.5% 
MODEL2 --;r 7.17 ± 0.15 185.07 ± 0.18 3.93 ± 1.81 21.24 ± 1.40 252.13 ± 1.69 118.35 ± 1.42 80.51 ± 0.25 
dT -0.65 ± 0.09 -4.29 ± 0.11 0.41 ± 1.09 -1.06 ± 0.85 -4.88 ± 1.02 -4.35 ± 0.86 0.41 ± 0.15 
iT -0.31 ± 0.18 -2.69 ± 0.22 -2.44 ± 2.20 -0.13 ± 1.71 -3.25 ± 2.06 -0.61 ± 1.73 -0.14 ± 0.31 
x2 (3) 0.44 89.21 ** 0.52 2.29 9.34* 2.91 3.43 0 R2 99.2% 95.1% 72.4% 40.8% 73.0% 89.8% 68.4% Vl 
31 B37/Bl 12 6.22 ± 0.13 178.00 ± 0.16 1.73 ± 1.59 20.38 ± 1.24 243.50 ± 1.49 113.25 ± 1.25 80.75 ± 0.22 
32 B37/B84//B37/3/Bl 12 NA NA NA NA NA NA NA 
33 B37/B84/2/Bl 12 7.10 ± 0.27 184.00 ± 0.32 5.10 ± 3.18 19.80 ± 2.47 252.00 ± 2.98 118.00 ± 2.51 81.00 ± 0.45 
34 B37/B84)-B/2/Bl 12 7.03 ± 0.27 190.00 ± 0.32 3.60 ± 3.18 22.80 ± 2.47 255.00 ± 2.98 124.00 ± 2.51 81.00 ± 0.45 
3 5 B3 7 /B84/ /B84/3/B 112 7.18 ± 0.27 192.00 ± 0.32 3.60 ± 3.18 24.60 ± 2.47 249.00 ± 2.98 120.00 ± 2.51 80.00 ± 0.45 
36 B84/Bl 12 7.79 ± 0.13 193.50 ± 0.16 2.38 ± 1.59 24.50 ± 1.24 259.25 ± 1.49 124.75 ± 1.25 81.00 ± 0.22 
MODEL 1 --;r 7.00 ± 0.08 186.19 ± 0.10 2.59 ± 0.96 22.33 ± 0.75 251.20 ± 0.90 119.20 ± 0.76 80.81 ± 0.14 
dT -0.77 ± 0.09 -7.87 ± 0.11 -0.38 ± 1.11 -2.14 ± 0.86 -7.50 ± 1.04 -5.62 ± 0.88 -0.07 ± 0.16 
x2(4) 0.76 244.92** 1.02 1.34 5.83 4.60 4.22 
R2 98.9% 95.4% 10.1% 82.1% 89.9% 90.0% 4.8% 
MODEL2 
mT 6.99 ± 0.17 187.41 ± 0.20 4.25 ± 2.00 21.86 ± 1.55 251.25 ± 1.87 120.04 ± 1.57 80.71 ± 0.28 
dT -0.77 ± 0.09 -7.82 ± 0.11 -0.31 ± 1.11 -2.16 ± 0.86 -7.50 ± 1.04 -5.59 ± 0.88 -0.08 ± 0.16 
,T 
I 0.01 ± 0.19 -1.62 ± 0.23 -2.21 ± 2.33 0.62 ± 1.81 -0.07 ± 2.18 -1.12 ± 1.84 0.14 ± 0.33 
x2 (3) 0.76 195.65** 0.12 1.22 5.83 4.23 4.03 
R2 98.9% 96.3% 89.5% 83.7% 89.9% 90.8% 9.1% 
Table B4. ( continued) 
Phenotypic traits 
Pedi~ee Grain i:ield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha·1 gkg·' % % cm cm Days after planting 
37 837/8112 6.22 ± 0.13 178.00 ± 0.16 1.73 ± 1.59 20.38 ± 1.24 243.50 ± 1.49 113.25 ± 1.25 80.75 ± 0.22 
38 837/894//837/3/Bl 12 6.66 ± 0.27 185.00 ± 0.32 1.20 ± 3.18 18.70 ± 2.47 250.00 ± 2.98 121.00 ± 2.51 82.00 ± 0.45 
39 837/894/2/8112 6.24 ± 0.27 184.00 ± 0.32 2.60 ± 3.18 17.90 ± 2.47 255.00 ± 2.98 122.00 ± 2.51 82.00 ± 0.45 
40 837/894)-8/2/Bl 12 5.94 ± 0.27 181.00 ± 0.32 1.00 ± 3.18 16.50 ± 2.47 245.00 ± 2.98 118.00 ± 2.51 82.00 ± 0.45 
41 837/894//894/3/8112 5.94 ± 0.27 187.00 ± 0.32 0.60 ± 3.18 18.80 ± 2.47 247.00 ± 2.98 117.00 ± 2.51 82.00 ± 0.45 
42 894/8112 5.83 ± 0.13 192.00 ± 0.16 3.68 ± 1.59 11.98 ± 1.24 247.25 ± 1.49 112.25 ± 1.25 83.00 ± 0.22 
MODEL 1 
----;r 6.08 ± 0.08 184.75 ± 0.09 2.25 ± 0.92 16.78 ± 0.71 246.67 ± 0.86 115.00 ± 0.72 81.92 ± 0.13 
dT 0.23 ± 0.09 -6.71 ± 0.11 -0.88 ± 1.09 3.95 ± 0.85 -1.59 ± 1.02 0.71 ± 0.86 -1.06 ± 0.15 
x2(4) 4.14 300.15** 0.80 3.39 11.63* 21.63** 3.19 
R2 59.8% 92.7% 44.9% 86.5% 17.2% 3.0% 93.7% 
MODEL2 
mT 6.20 ± 0.15 183.87 ± 0.18 1.27 ± 1.81 18.06 ± 1.40 249.84 ± 1.69 120.39 ± 1.42 82.01 ± 0.25 
dT 0.23 ± 0.09 -6.71 ± 0.11 -0.88 ± 1.09 3.95 ± 0.85 -1.59 ± 1.02 0.71 ± 0.86 -1.06 ± 0.15 
jT -0.16 ± 0.18 1.25 ± 0.22 1.39 ± 2.20 -1.81 ± 1.71 -4.48 ± 2.06 -7.60 ± 1.73 -0.14 ± 0.31 
x2 (3) 3.36 267.40** 0.40 2.26 6.89 2.32 2.98 ...... 0 
R2 67.4% 93.5% 72.5% 91.0% 50.9% 89.6% 94.1% O'\ 
43 873/B112 7.51 ± 0.13 186.75 ± 0.16 1.13 ± 1.59 21.88 ± 1.24 254.25 ± 1.49 122.00 ± 1.25 80.00 ± 0.22 
44 873/884//873/3/Bl 12 7.73 ± 0.27 186.00 ± 0.32 I.IO ± 3.18 23.50 ± 2.47 253.00 ± 2.98 121.00 ± 2.51 80.00 ± 0.45 
45 873/B84/2/B 112 7.67 ± 0.27 189.00 ± 0.32 4.10 ± 3.18 26.20 ± 2.47 255.00 ± 2.98 126.00 ± 2.51 80.00 ± 0.45 
46 B73/B84)-8/2/Bl 12 7.99 ± 0.27 190.00 ± 0.32 3.30 ± 3.18 26.00 ± 2.47 254.00 ± 2.98 125.00 ± 2.51 80.00 ± 0.45 
47 B73/884//884/3/B 112 7.55 ± 0.27 190.00 ± 0.32 I.IO ± 3.18 24.00 ± 2.47 256.00 ± 2.98 125.00 ± 2.51 81.00 ± 0.45 
48 B84/B112 7.79 ± 0.13 193.50 ± 0.16 2.38 ± 1.59 24.50 ± 1.24 259.25 ± 1.49 124.75 ± 1.25 81.00 ± 0.22 
MODEL 1 
mT 7.68 ± 0.08 189.67 ± 0.09 1.97 ± 0.92 23.77 ± 0.71 256.00 ± 0.86 123.67 ± 0.72 80.42 ± 0.13 
dT -0.12 ± 0.09 -3.41 ± 0.11 -0.59 ± 1.09 -1.26 ± 0.85 -2.53 ± 1.02 -1.53 ± 0.86 -0.53 ± 0.15 
x2(4) 2.17 79.75** 0.83 2.27 1.59 1.91 2.67 
R2 43.8% 92.5% 26.0% 49.4% 79.4% 62.3% 81.7% 
MODEL2 
mT 7.76 ± 0.15 188.71 ± 0.18 2.70 ± 1.81 25.33 ± 1.40 254.23 ± 1.69 124.56 ± 1.42 80.18 ± 0.25 
dT -0.12 ± 0.09 -3.41 ± 0.1 I -0.59 ± 1.09 -1.26 ± 0.85 -2.53 ± 1.02 -1.53 ± 0.86 -0.53 ± 0.15 
? -0.12 ± 0.18 1.35 ± 0.22 -1.03 ± 2.20 -2.21 ± 1.71 2.50 ± 2.06 -1.27 ± 1.73 0.34 ± 0.31 
x2 (3) 1.76 41.60** 0.61 0.60 0.11 1.37 1.48 
R2 54.3% 96.1% 45.6% 86.7% 98.5% 72.9% 89.9% 
Table B4. ( continued) 
Phenotypic traits 
PediS!:ee Grain tield Grain moisture Root lodging Stalk lodging Plant height Ear height Silk date 
Mgha·1 gkg•l % % cm cm Days after planting 
49 B73/Bl 12 7.51 ± 0.13 186.75 ± 0.16 1.13 ± 1.59 21.88 ± 1.24 254.25 ± 1.49 122.00 ± 1.25 80.00 ± 0.22 
50 B73/B94//B73/3/Bl 12 7.08 ± 0.27 192.00 ± 0.32 1.40 ± 3.18 21.60 ± 2.47 257.00 ± 2.98 125.00 ± 2.51 81.00 ± 0.45 
51 B73/B94/2/Bl 12 6.74 ± 0.27 190.00 ± 0.32 0.40 ± 3.18 16.90 ± 2.47 253.00 ± 2.98 121.00 ± 2.51 81.00 ± 0.45 
52 B73/B94)-B/2/BI 12 6.88 ± 0.27 189.00 ± 0.32 0.00 ± 3.18 16.70 ± 2.47 252.00 ± 2.98 123.00 ± 2.51 82.00 ± 0.45 
53 B73/B94//B94/3/Bl 12 6.05 ± 0.27 191.00 ± 0.32 1.50 ± 3.18 18.40 ± 2.47 257.00 ± 2.98 123.00 ± 2.51 83.00 ± 0.45 
54 B94/B112 5.83 ± 0.13 192.00 ± 0.16 3.68 ± 1.59 11.98 ± 1.24 247.25 ± 1.49 112.25 ± 1.25 83.00 ± 0.22 
MODEL 1 
mT 6.68 ± 0.08 189.75 ± 0.09 1.88 ± 0.92 17.42 ± 0.71 252.08 ± 0.86 119.08 ± 0.72 81.58 ± 0.13 
dT 0.85 ± 0.09 -2.41 ± 0.11 -1.21 ± 1.09 4.85 ± 0.85 3.29 ± 1.02 4.71 ± 0.86 -1.53 ± 0.15 
x2(4) 1.23 140.59** 0.88 2.86 7.77 16.18** 5.17 
R2 98.6% 77.9% 58.1% 91.9% 57.1% 64.9% 95.1% 
MODEL2 
----;r 6.71 ± 0.15 190.47 ± 0.18 0.53 ± 1.81 18.31 ± 1.40 254.85 ± 1.69 123.53 ± 1.42 81.74 ± 0.25 
dT 0.85 ± 0.09 -2.41 ± 0.11 -1.21 ± 1.09 4.85 ± 0.85 3.29 ± 1.02 4.71 ± 0.86 -1.53 ± 0.15 
? -0.05 ± 0.18 -1.01 ± 0.22 1.90 ± 2.20 -1.26 ± 1.71 -3.90 ± 2.06 -6.28 ± 1.73 -0.22 ± 0.31 
x2 (3) 1.16 119.13** 0.13 2.32 4.18 3.02 4.67 ..... 0 R2 98.7% 81.2% 93.7% 93.5% 77.0% 93.5% 95.5% --..J 
55 B84/Bl 12 7.79 ± 0.13 193.50 ± 0.16 2.38 ± 1.59 24.50 ± 1.24 259.25 ± 1.49 124.75 ± 1.25 81.00 ± 0.22 
56 B84/B94//B84/3/Bll2 7.20 ± 0.27 192.00 ± 0.32 1.60 ± 3.18 27.80 ± 2.47 259.00 ± 2.98 126.00 ± 2.51 82.00 ± 0.45 
57 B84/B94/2/Bl 12 6.82 ± 0.27 193.00 ± 0.32 2.10 ± 3.18 18.90 ± 2.47 256.00 ± 2.98 124.00 ± 2.51 82.00 ± 0.45 
58 B84/B94)-B/2/Bll2 6.86 ± 0.27 197.00 ± 0.32 0.60 ± 3.18 18.50 ± 2.47 251.00 ± 2.98 119.00 ± 2.51 82.00 ± 0.45 
59 B84/B94//B94/3/Bll2 5.74 ± 0.27 194.00 ± 0.32 1.70 ± 3.18 18.00 ± 2.47 249.00 ± 2.98 122.00 ± 2.51 83.00 ± 0.45 
60 B94/Bll2 5.83 ± 0.13 192.00 ± 0.16 3.68 ± 1.59 11.98 ± 1.24 247.25 ± 1.49 112.25 ± 1.25 83.00 ± 0.22 
MODEL 1 
mT 6.76 ± 0.08 193.17 ± 0.09 2.52 ± 0.92 19.09 ± 0.71 253.42 ± 0.86 119.92 ± 0.72 82.08 ± 0.13 
dT 1.01 ± 0.09 0.59 ± 0.11 -0.62 ± 1.09 6.47 ± 0.85 6.24 ± 1.02 6.12 ± 0.86 -1.00 ± 0.15 
x2(4) 4.36 197.25** 0.75 6.72 2.35 11.00* 2.08 
R2 96.5% 13.0% 30.0% 89.6% 94.0% 82.1% 95.3% 
MODEL2 
mT 6.67 ± 0.15 194.32 ± 0.18 1.29 ± 1.81 20.75 ± 1.40 253.77 ± 1.69 123.04 ± 1.42 82.24 ± 0.25 
dT 1.01 ± 0.09 0.59 ± 0.11 -0.62 ± 1.09 6.47 ± 0.85 6.24 ± 1.02 6.12 ± 0.86 -1.00 ± 0.15 
jT 0.13 ± 0.18 -1.62 ± 0.22 1.73 ± 2.20 -2.34 ± 1.71 -0.50 ± 2.06 -4.42 ± 1.73 -0.22 ± 0.31 
x2(3) 3.89 141.78** 0.13 4.83 2.30 4.49 1.58 
R2 96.9% 37.5% 88.1% 92.6% 94.2% 92.7% 96.5% 
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Table BS. Number of genetic parameters within Model 1 and Model 2 having important 
effects (P > 0.05) for each plant trait evaluated. Summarized by tester (10 testcross progeny 
sets), heterotic group (20 testcross progeny sets), and entire experiment ( 40 testcross progeny 
sets). 
Pheno~ric traits 
Genetic Grain Grain Root Stalk Plant Ear Silk Relative 
Tester 2arameterst }'.ield moisture lodging lodging height height date freguenc}'., % 
B73 Model 1 
mT to to 10 10 to 10 10 to0.00% 
dT 6 to 4 6 7 8 9 71.43% 
%2(4) to 0 0 2 3 24.29% 
Model2 
mT 10 10 10 10 10 10 10 100.00% 
dT 6 to 4 6 7 8 9 71.43% 
iT 0 8 0 0 2 2 2 20.00% 
%2(3) 10 0 0 2 21.43% 
B104 Model 1 
mT 10 10 10 10 10 10 10 to0.00% 
dT 10 2 5 5 7 8 54.29% 
%2(4) 0 10 0 0 18.57% 
Model2 
mT 10 10 9 10 10 10 10 98.57% 
dT 10 2 5 5 7 8 54.29% 
iT to 0 0 0 18.57% 
%2(3) 0 10 0 0 2 20.00% 
B97 Model 1 
mT 10 10 to to 10 to 10 to0.00% 
dT 8 10 5 6 9 7 4 70.00% 
%2(4) 10 0 3 3 4 31.43% 
Model2 
mT 10 10 10 to 10 10 10 100.00% 
dT 8 10 5 6 9 7 5 70.00% 
iT 0 9 0 3 5 2 28.57% 
%2(3) 1 10 1 1 0 0 2 21.43% 
t mT = testcross mean of the F2 population in linkage equilibrium; dT = additive effect; 
/ =epistatic component; z 2 = Chi-square goodness-of-fit statistic (4 or 3 degrees of 
freedom). 
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Table B5. ( continued) 
Phenotyeic traits 
Genetic Grain Grain Root Stalk Plant Ear Silk Relative 
Tester earameters ield moisture lodging lodging height height date freguenc~, % 
B112 Model l 
mT 10 IO 9 IO IO IO 10 98.57% 
dT 9 IO 0 7 7 7 6 65.71% 
%2(4) 0 IO 0 2 3 0 22.86% 
Model2 
mT IO 10 2 IO IO IO 10 88.57% 
dT 9 IO 0 7 7 7 6 65.71% 
iT 0 8 0 3 4 0 22.86% 
%2(3) 0 9 0 0 2 0 0 15.71% 
Non-BSSS combined (B73 and Bl 04) 
Model l 
mT 20 20 20 20 20 20 20 100.00% 
dT 7 20 6 11 12 15 17 62.86% 
%2(4) 20 0 0 2 3 4 21.43% 
Model2 
mT 20 20 19 20 20 20 20 99.29% 
dT 7 20 6 II 12 15 17 62.86% 
iT 18 0 0 3 2 3 19.29% 
%2(3) 20 0 0 2 3 3 20.71% 
BSSS combined (B97 and B 112) 
Model l 
mT 20 20 19 20 20 20 20 99.29% 
dT 17 20 5 13 16 14 IO 67.86% 
%2(4) 20 0 2 5 6 4 27.14% 
Model2 
mT 20 20 12 20 20 20 20 94.29% 
dT 17 20 5 13 16 14 II 68.57% 
iT 0 17 0 4 4 9 2 25.71% 
%2(3) 19 2 0 2 18.57% 
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Table B5. ( continued) 
Pheno~eic traits 
Genetic Grain Grain Root Stalk Plant Ear Silk Relative 
Tester eararneters rield moisture lodging lodging height height date freguencr, % 
Combined 
Model 1 
mT 40 40 39 40 40 40 40 99.64% 
dT 24 40 11 24 28 29 27 65.36% 
x2(4) 2 40 0 2 7 9 8 24.29% 
Model 2 
mT 40 40 31 40 40 40 40 96.79% 
dT 24 40 11 24 28 29 28 65.71% 
•T 
l 35 0 4 7 11 5 22.50% 
x 2(3) 2 39 4 3 5 19.64% 
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Fig. B 1. Fitting Model 1 and Model 2 to the generation means for each B73 testcross progeny 
set. Testcross grain moisture (g kg-1) is plotted against the percentage of Parent 1 in the cross. 
Figure captions are in the form: (P1 x P2) * tester. Solid squares = observed grain moisture; 
dashed line= Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B2. Fitting Model I and Model 2 to the generation means in each B104 testcross progeny 
set. Testcross grain moisture (g kg-1) is plotted against the percentage of Parent 1 in the cross. 
Figure captions are in the form: (P1 x P2) * tester. Solid squares= observed grain moisture; 
dashed line= Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B3. Fitting Model 1 and Model 2 to the generation means in each B97 testcross progeny 
set. Testcross grain moisture (g kg"1) is plotted against the percentage of Parent 1 in the cross. 
Figure captions are in the form: (P1 x P2) * tester. Solid squares= observed grain moisture; 
dashed line= Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B4. Fitting Model 1 and Model 2 to the generation means in each B112 testcross progeny 
set. Testcross grain moisture (g kg-1) is plotted against the percentage of Parent 1 in the cross. 
Figure captions are in the form: (P1 x P2) * tester. Solid squares= observed grain moisture; 
dashed line = Model 1 (linkage-no epistasis ); solid line = Model 2 ( epistasis-no linkage). 
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Fig. B5. Fitting Model 1 and Model 2 to the generation means for each B73 testcross progeny 
set. Testcross root lodging(%) is plotted against the percentage of Parent 1 in the cross. Figure 
captions are in the form: (P, x P2) * tester. Solid squares= observed root lodging; dashed line= 
Model 1 (linkage-no epistasis ); solid line = Model 2 ( epistasis-no linkage). 
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Fig. B6. Fitting Model 1 and Model 2 to the generation means in each B 104 testcross progeny 
set. Testcross root lodging(%) is plotted against the percentage of Parent 1 in the cross. Figure 
captions are in the form: (P1 x P2) * tester. Solid squares= observed root lodging; dashed line= 
Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B7. Fitting Model 1 and Model 2 to the generation means in each B97 testcross progeny 
set. Testcross root lodging(%) is plotted against the percentage of Parent 1 in the cross. Figure 
captions are in the form: (P1 x P2) * tester. Solid squares= observed root lodging; dashed line= 
Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B8. Fitting Model 1 and Model 2 to the generation means in each Bl 12 testcross progeny 
set. Testcross root lodging(%) is plotted against the percentage of Parent 1 in the cross. Figure 
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Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B9. Fitting Model 1 and Model 2 to the generation means for each B73 testcross progeny 
set. Testcross stalk lodging(%) is plotted against the percentage of Parent 1 in the cross. 
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dashed line = Model 1 (linkage-no epistasis ); solid line = Model 2 ( epistasis-no linkage). 
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Fig. B10. Fitting Model 1 and Model 2 to the generation means in each B104 testcross progeny 
set. Testcross stalk lodging(%) is plotted against the percentage of Parent 1 in the cross. 
Figure captions are in the form: (P1 x P2) * tester. Solid squares= observed stalk lodging; 
dashed line= Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B 11. Fitting Model 1 and Model 2 to the generation means in each B97 testcross progeny 
set. Testcross stalk lodging(%) is plotted against the percentage of Parent 1 in the cross. 
Figure captions are in the form: (P1 x P2) * tester. Solid squares= observed stalk lodging; 
dashed line= Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B12. Fitting Model 1 and Model 2 to the generation means in each B112 testcross progeny 
set. Testcross stalk lodging(%) is plotted against the percentage of Parent 1 in the cross. 
Figure captions are in the form: (P1 x P2) * tester. Solid squares= observed stalk lodging; 
dashed line= Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B13. Fitting Model I and Model 2 to the generation means for each B73 testcross progeny 
set. Testcross plant height (cm) is plotted against the percentage of Parent 1 in the cross. Figure 
captions are in the form: (P1 x P2) * tester. Solid squares= observed plant height; dashed line= 
Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B14. Fitting Model 1 and Model 2 to the generation means in each B104 testcross progeny 
set. Testcross plant height (cm) is plotted against the percentage of Parent 1 in the cross. Figure 
captions are in the form: (Pix P2) * tester. Solid squares= observed plant height; dashed line= 
Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B15. Fitting Model 1 and Model 2 to the generation means in each B97 testcross progeny 
set. Testcross plant height (cm) is plotted against the percentage of Parent 1 in the cross. Figure 
captions are in the form: (P1 x P2) * tester. Solid squares= observed plant height; dashed line= 
Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B16. Fitting Model 1 and Model 2 to the generation means in each B112 testcross progeny 
set. Testcross plant height (cm) is plotted against the percentage of Parent 1 in the cross. Figure 
captions are in the form: (P1 x P2) * tester. Solid squares= observed plant height; dashed line= 
Model 1 (linkage-no epistasis ); solid line = Model 2 ( epistasis-no linkage). 
l: r :z:: 
,4er----·- -- --- --
a. (B90 x B91) * B73 
137] 
-
7 
1291 + t 
121r_; +--~-- ~i~-----+ 
113 
105 
0 
0 
215 BO 75 
25 
Percent B90 
50 
Percent B90 
75 
100 
100 
:: ,~.cc-J_-:-:--~/ .... -. -J,c-. 
121 - -~--':_-+ 
113 
108 ·'------r 
o za eo 71!1 100 
Percent B91 
148, - -----
c g. (B91 x B99) * B73 --7 
137] +,..,_---=--=--- _ ! 
::~.- -r >~<.} __ ·I 
113 
,os~--
o ze eo 711 100 
Percent B91 
121 I 
1: '--r------- ----~~---1 
0 211 80 715 100 
Percent B96 
127 
I 
I 
.ii 
1411 f b~B90 -.. B96) * B73 
137 
1211 7 h--==--- t- ______ J_F1 
121 - ---- t -F2_-~--_-r~- -~-.+ 
tt3j J 
105·~-------~--~---
0 ze eo 75 100 
Percent B90 
1411 j d. j (B90 x B99) * B73 
::1 .. -+ +~-'-+~• 
=j i 
105 
0 215 80 71!1 100 
Percent eeo 
145 ft• (B91 ~B97) * B73-
137 l I ·-l ,--= f-: f ;..-- J -- -~ 
121 , ·) 
,,a 1 
105'--,------~---~---
0 25 75 100 
Percent B91 
1411 (B95-;-B97) .. B73 
:j ,-~-+ c-=l~ -}-----,! 
121, I 
' 
,,al 
105 
0 - - - 100 
Percent B95 
1411 j~J._(_B_9_7_x_B_99_ )~7-3------~I 
: '--1---!A_--i-- ---, 
121 
113 
0 ZS BO '78 100 
Percent B97 
Fig. B 17. Fitting Model 1 and Model 2 to the generation means for each B73 testcross progeny 
set. Testcross ear height (cm) is plotted against the percentage of Parent 1 in the cross. Figure 
captions are in the form: (P1 x P2) * tester. Solid squares= observed ear height; dashed line= 
Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B 18. Fitting Model 1 and Model 2 to the generation means in each B 104 testcross progeny 
set. Testcross ear height (cm) is plotted against the percentage of Parent 1 in the cross. Figure 
captions are in the form: (P1 x P2) * tester. Solid squares= observed ear height; dashed line= 
Model 1 (linkage-no epistasis ); solid line = Model 2 ( epistasis-no linkage). 
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Fig. B19. Fitting Model 1 and Model 2 to the generation means in each B97 testcross progeny 
set. Testcross ear height (cm) is plotted against the percentage of Parent 1 in the cross. Figure 
captions are in the form: (P1 x P2) * tester. Solid squares= observed ear height; dashed line= 
Model I (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
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Fig. B20. Fitting Model 1 and Model 2 to the generation means in each B112 testcross progeny 
set. Testcross ear height (cm) is plotted against the percentage of Parent 1 in the cross. Figure 
captions are in the form: (P1 x P2) * tester. Solid squares= observed ear height; dashed line= 
Model 1 (linkage-no epistasis ); solid line = Model 2 ( epistasis-no linkage). 
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Fig. B21. Fitting Model 1 and Model 2 to the generation means for each B73 testcross progeny 
set. Testcross silk date (days after planting) is plotted against the percentage of Parent 1 in the 
cross. Figure captions are in the form: (P1 x P2) * tester. Solid squares= observed silking date; 
dashed line= Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
I 
:sz 
iii 
I 
.! 
i! 
:sz 
iii 
: a. (B90 x B91) * B104 
79 
77-------------------~ 
0 28 50 711 100 
Percent aeo 
0 28 90 78 100 
Percent B90 
87 _r e. (B91 x BBB) * B104 
0 211 110 711 100 
Percent Bet 
-----
(B91 x B99) * B104 
791 
77]~ ---~--,~ -~---~-,-~ -
0 
81 
79 
0 
211 110 
Percent B91 
711 
28 150 78 
Percent B95 
J 
100 
100 
132 
87 -b. (B90 x B95) * B104 
79j 
' 77-~---·--o ze so 711 
Percent B90 
87 : d. (B90 x B99) * B104 
-] 
100 
:(-1--~~--t--
791 
771 __ 
0 215 l50 79 100 
Percent B90 
87 f. (B91 X B97) * B104 
811 
78 
77,,__ __________ _ ! ---r 
0 211 110 711 100 
77 --------------~---
0 211 110 711 100 
77-----------~ 
0 zs eo 75 100 
Percent B97 
Fig. B22. Fitting Model 1 and Model 2 to the generation means in each B104 testcross progeny 
set. Testcross silk date (days after planting) is plotted against the percentage of Parent 1 in the 
cross. Figure captions are in the form: (P1 x P2) * tester. Solid squares= observed silking date; 
dashed line = Model 1 (linkage-no epistasis ); solid line = Model 2 ( epistasis-no linkage). 
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Fig. B23. Fitting Model 1 and Model 2 to the generation means in each B97 testcross progeny 
set. Testcross silk date (days after planting) is plotted against the percentage of Parent 1 in the 
cross. Figure captions are in the form: (P1 x P2) * tester. Solid squares= observed silking date; 
dashed line = Model 1 (linkage-no epistasis ); solid line = Model 2 ( epistasis-no linkage). 
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Fig. B24. Fitting Model 1 and Model 2 to the generation means in each B112 testcross progeny 
set. Testcross silk date (days after planting) is plotted against the percentage of Parent 1 in the 
cross. Figure captions are in the form: (P, x P2) * tester. Solid squares= observed silking date; 
dashed line= Model 1 (linkage-no epistasis); solid line= Model 2 (epistasis-no linkage). 
